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Abstract 
 
The importance of dominating and measuring the process of product development is taken into 
account, while surviving in the market is achieved through reducing time to market, reducing cost and 
increasing quality. In response to necessity of measuring the process of product development, the 
research was administered to discover how to utilise performance measures in the product 
development as a decision making tool for helping managers.    
 
Design has been utilised as a strategic tool in numerous areas in the industry. As the significance of 
design and its impact on business is recognised, firms and nations find it more vital to measure design 
and its expenditure. However, broad definition of design and non reliable data in design area makes 
measurement difficult. Even though some companies made an effort to measure design expenditure, 
they were not successful to utilise a reliable method in purpose of capturing design expenditure.  
 
This study explored the result of previous researches on measuring design performance. It was 
understood that having common definition on design aids both firms and nations to have a better 
understanding of design, design expenditure and design measures. Therefore, this research is focused 
on how to measure design performance by using specific indicators (e.g. job title, design personnel, 
time to market). Survey was conducted and questionnaire was administered to test measures. The 
result indicates that even though the findings validate some of the past results achieved by past 
researchers, it is not adequate to capture design expenditure as some of the companies are not able to 
record their spent in design. Although some of the companies attempt to measure spent on product 
design, it is hard to compare the result because they do not follow the same pattern of design 
measurement. More importantly, results may vary depending on the type of the industry, region or 
size of the company.  
 
Recent research which was done by (Pawar et al., 2009) resulted in proposed model in response to 
need for capturing design expenditure at national level which is under examination to validate the 
possibility of its usage for capturing design expenditure at national level. 
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Chapter 1: Introduction  
 
³7KHUHLVPXFKHYLGHQFHWRGHPRQVWUDWHWKDW%ULWLVKLQGXVWU\LVOHVVFRPPLWWHGWRGHVLJQWKDQPDQ\RI
its competitors. This is one factor that accounts for WKHGHFOLQHLQ%ULWDLQ¶VPDQXIDFWXULQJLQGXVWU\
and is the consequence of a number of cultural and economic factors. In the light of major industrial, 
HFRQRPLF DQG FXOWXUDO WUDQVIRUPDWLRQV DQ RXWGDWHG YLHZ RI GHVLJQ WHQGV WR GRPLQDWH LQ %ULWDLQ´
(Cooper & Press 1995) 
 
This was followed by Power (2005) who stated that value added and profitability of products are two 
main aspects that draw the attention of manufacturing as well as market share. 
 
1.1 The significance of the research 
Nowadays design performance is counted as one of the most significant sciences, even though lack of 
reliable data in design area restricts understanding the meaning of design, design activity position and 
the effect of design on the UK economy.  
 
In response to indentify a common definition for design at national level, a group of designers 
referenced Oxford Dictionary in order to combine various definitions from two different perspectives: 
firstly, design is the iterative decision-making process utilised through the innovation of the product 
or system or the outcomes of such a process which seems the best, and secondly, design can be an 
object with its request established based upon emotion rather than reason in which case the usefulness 
is vanished. 
 
As Chief Design Officer of design council, Mat Hunter (2010) states despite having countless 
definitions on design, some believe in design categories which differentiate dissimilarities of design 
and highlight the connection between design and other activities; meanwhile others concern about 
LQVSLUDWLRQRID³good design´ 
 
Having dissimilar design definition among companies and nations in addition to not having the 
common framework for studying design and measuring design will not only make comparison of 
these studies an extremely challenging task, but it also reduces the possibility of measuring design 
performance in firms and at national level. Therefore, further effort is necessary to efficiently realise 
the importance of the role of design in a company, region or nation. (Pawar et al., 2009) 
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1.2 Objectives of the research  
This research is aimed to measure design performance in manufacturing companies. In the first stage, 
the goal of this research is to investigate the meaning of design and the key barriers in recognition of 
definition of design and its importance in the industry and propose measures by reviewing past 
researches.  
 
As a result of ambiguity in definition of design at national level, second stage of this research is 
focused on testing the possibility of measuring design orientation, design expenditure, production 
performance and economic performance considering certain indicators namely job title, design 
activities expenditure, time to market and others which are discussed in detail in chapter 2.   
In the third stage, using measures and counting design LQWKHFRQWH[WRIGHYHORSPHQWRIDFRPSDQ\¶V
main product, this research is focused on research methodology so as to provide questionnaire, 
analyse the finding including interpretation of the result and examining the of validity of selected 
measures and efficiency of the questionnaire and finally suggesting on how these measures may be 
able to fulfil the measurement system requirement.  
1.3 Structure of the research 
Chapter 1 is an introduction WR WKLV UHVHDUFK LQFOXGLQJ ³UHVHDUFK WRXU´ ZKLFK JXLGHV UHDGHU WR
comprehend the purpose of this research.  
 
Chapter 2 is debated on literature review and is divided into 6 sections. Section 1 has discussed the 
broad vision of definition of design in general. In section 2, past studies in design were examined; 
such studies included various opinions of researchers about the term design, proposed measures, 
methodologies and outcomes of their research. Additionally this section has discussed about the 
understDQGLQJRIWKH³JRRGGHVLJQ´FRQFHSWDFFRUGLQJWRUHVHDUFKHUV¶SHUVSHFWLYHDQGIXQFWLRQDOLW\RI
design. Furthermore, past studies are organized and compared within a table in which strengths and 
weaknesses (potential for improvement) are highlighted. Section 3 has described the definition of 
design achieved by various researchers based on the aim of their research. Thereafter, definition of 
design is expressed for the purpose of this research. Section 4 has explained an overview about design 
performance including the definition of performance and the importance of performance measurement 
system. In section 5 the proposed measures of this research are defined and illustrated followed by 
justification of these measures. Finally in section 6 a brief summary of literature result is expressed. 
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In chapter 3, there is a debate on research methodology and is divided into 5 sections. Section 1 has 
explained the structure of research methodology and its type and qualitative/quantitative approaches. 
Section 2 has outlined how a sample is selected from the FAME database. Section 3 has expressed the 
required data that is recorded for survey purposes by using the FAME database. Section 4 is about 
how questionnaire was provided followed by justification of the questions. AddLWLRQDOO\³WLPHOLQHRU
PHDVXUHVDQGTXHVWLRQV´JUDSKLVH[SUHVVHGZKLFKLOOXVWUDWHVWKHUHODWLRQEHWZHHQOLWHUDWXUHSURSRVHG
measures and questions. At the end of section 3, attempts are made to improve the questionnaire. 
Section 5 has summarised the key issues discussed in this chapter.  
 
Chapter 4 has discussed the survey part of this research and is divided into 5 sections. In section 1, the 
reasons for conducting a survey are explained, and in section 2 an appropriate method is selected for 
administering the questionnaire. Eventually in section 4 the outcomes of the survey is discussed 
IROORZHG E\ WKH SUDFWLFHV WDNHQ XS WR SRVVLEO\ LQFUHDVH UHVSRQVH UDWHV LQ WKH VXUYH\ .DL]HQ¶V
continuous improvement is taken into consideration for obtaining more responses. This chapter is 
ended with section 5 including the summary of the main issues discussed. 
 
Chapter 5 is focused on the analysis and discussion of this research and is divided into 3 sections. In 
VHFWLRQWKHDQDO\VLVRIWKH8.UHVXOWLVWDNHQLQWRFRQVLGHUDWLRQLQFOXGLQJGLVFXVVLRQRQFRPSDQLHV¶
profile and analysing the result of design, R&D and product performance. Section 2 has discussed 
about an international comparison of survey result, and eventually section 3 has outlined difficulties 
and recommends possible alternatives.  
 
Finally, in chapter 6 brings this research to a conclusion. Figure 1 indicates a short trip into the stages 
of this research: 
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Figure 1: Research tour  
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Chapter 2: Literature Review 
 
This chapter discusses OLWHUDWXUHUHYLHZLQZKLFKGHILQLWLRQRIGHVLJQDQG³JRRGGHVLJQ´is assessed; 
past studies in design are described, examined and compared in a table format and later for the 
SXUSRVHRIWKLVUHVHDUFK³design´ is defined. Also design performance is briefly discussed including 
definition of performance, and eventually proposed measures are illustrated, and the reasons for 
choosing these measures are justified.  
 
2.1 Definition of design 
The significance of the impact of design into the economic policies of nations has been recognised 
worldwide, however, various definitLRQ DQG GLVWLQFWLYH FODVVLILFDWLRQ DVVLJQHG WR WKH WHUP ³GHVLJQ´
can demonstrate the universal disagreement on the meaning of design precisely (Pawar et al., 2009). 
Even though numerous studies has been conducted to discover the meaning of design at national level, 
there is a difficulty in detecting a common definition among various available meaning in which the 
concept of design has not been clarified yet. Hence more investigation is required to eliminate this 
ambiguity and identify an equivalent standard for design, while design has an important role in 
assorted areas including R&D (Von Stamm, 2004; Pawar, et al., 2009). 
It is controversial to agree that design refer to the development process of a widget's functionality; to 
interpreting the finished product or it PHDQV³WKHLQLWLDWHFKDQJHLQPDQ-PDGHWKLQJV´QRWHGE\-RQHV
(1970). Therefore, it is necessary to study past research done by other design expertise in response to 
need for having clear definition of design in this research. 
The department of Industrial, Interior and Visual Communication of the Ohio State University note 
WKDW GHVLJQ PHDQV µµD SXUSRVHIXO V\VWHPDWLF DQG FUHDWLYH DFWLYLW\¶¶ 7R VRPH H[WHQW SURGXFWV
interiors and visual communications are shaped by designers so as to fulfil the functional, 
psychological, and aesthetic needs of customers. For this reason, the process of design is purposeful. 
As design contributes into both analysing the problems which may occur in physical environment and 
transforming the discovered theory into an effective solution, therefore, design can be considered 
systematically. Design is also counted as a creative element because not only designers are in charge 
of creating visualised shapes for products, spaces, and information systems, but also they are 
responsible for enhancing applications in purpose of new creation considering technological aspects. 
Hence, this is evidenced that the concept of design does not exist, and unless required otherwise, 
design must be planned systematically, and the product must be created to be visualised as an object 
in the physical environment.  
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Additionally Poh Choo (2009) states that there are several aspects to be taken into consideration in 
order to design an object such as the main purpose of design including strong reasons, aesthetic, 
functionality, innovation, material, ergonomics and environmental factors. In terms of artistic manner, 
design is described as the specific area of human experience, skill and knowledge which is concerned 
ZLWKPDQ¶VDELOLW\WRPRXOGKLVHQYLURQPHQWWRVXLWKLVPDWHULDODQGKLVVSLULWXDOQHHGV$UFKHU 
Assessing expressed defLQLWLRQV RQ SRSXODU GLFWLRQDULHV IRU WKH ZRUG µGHVLJQ¶ WKHUH LV D VLPLODULW\
between some of the descriptions namely: plan, create, sketch, purpose and art. However this 
indicates that there are also some differences in describing the concept of design namely structure, 
arrangement, pattern, figure, an anticipated outcome, formulation, description and action of producing. 
)RU LQVWDQFH ³%OXHSULQW´ KDV EHHQ XWLOLVHG E\ Design Council of Britain to describe design as an 
activity, which translate an idea into D µEOXHSULQW¶ WR PDNH DQ HIIHFWLYH REMHFW LQFOXGLQJ VHUYLFH RU
process, even though ability of the designer to spark the idea and translate the idea into practice is 
crucial. This has been also taken into consideration by Technical University of Denmark. Such 
definitions for design neglect the wider understanding the concept of the design.  
,WVHHPVWKDW³GHVLJQSURFHVV´FDQEHGHVFULEHGDV³SUREOHP-VROYLQJSURFHVV´ZKLFKDLPVWRLGHQWLI\
and analyse the problem in order to explore and evaluate the discovered information achieved through 
the structural sequence and devise the optimal solution in the process. The process of thinking, taking 
an action and perform to create new objects and experiences. With regard to bottom line, design refers 
to contribution of differentiation, innovation and sustainable competitive advantages which aim to 
grow (Jones, 2008). Hence, design is an activity associated with all artefact designers, system and 
environmental designers, manufacturers and customers rather than an activity, which has been 
allocated to the particular group of engineers or designers.   
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2.2 Previous studies in design 
Black & Baker (1987) recognised design as one of the main elements of market place success, which 
aids to fulfil customer requirements namely appearance, ease of use, technical sophistication, quality, 
GHOLYHU\DQGFXVWRPHUVHUYLFH7KH\DWWHPSWHG WRPHDVXUH³GHVLJQ UHSUHVHQWDWLRQ´DWDEURDG OHYHO
but they recognised that this position had not been defined at top level of managerial position because 
the number of employees was not very large. They concluded that it was not possible to measure 
design through design director job title in small sample of manufacturing companies.  
,Q WKH QH[W VWHS %ODFN 	 %DNHU  H[DPLQHG WKH SRVVLELOLW\ RI PHDVXUHPHQW WKURXJK ³GHVLJQ
RULHQWDWLRQ´ EDVHG XSRQ GHVLJQ WDVNV LQ HQJLQHHULQJ GHSDUWPHQW 7KH\ WULHG WR LGHQWLI\ WKH SHUson 
responsible for design tasks. Validating Black & Baker (1987) findings, (Hart, et al. 1989) assessed 
WKHFRQVHTXHQFHVRIYDULRXV³GHVLJQRULHQWDWLRQV´RQGHVLJQSHUIRUPDQFHRIILUPVWKURXJKFRPSDULQJ
attitudes, policies and practices of sample companies based on the estimated design performance.  
'HVLJQWDVNVZHUHGLYLGHGLQWRWZRPDLQFDWHJRULHVRI³HQJLQHHULQJGHVLJQ´DQG³DHVWKHWLFGHVLJQ´E\
Black & Baker (1987). They specified that aesthetic design is equivalent to industrial or human 
factors design such as appearance, and ergonomic aspects of products and engineering design refers to 
the technical aspects of the products. Despite the existence of engineering design in some companies, 
no link was identified between engineering design and average sales growth, which was counted as 
measure of competitiveness. Instead, aesthetic design was recognised as more reliable measure of 
³GHVLJQRULHQWDWLRQ´WRVSHFLI\WKHGHJUHHRIFRPSHWLWLYHQHVVLQVPDOOVDPSOHFRPSDQLHV 
(Hart, et al. 1989) directed their research in two steps: in the first step, pilot survey and mail survey 
helped to uncover managerial policies and their opinion with regard to design. The majority of 
managers voted not for designing but for involving customers into the process of design as much as 
possible. Referring to the result of an international survey conducted by Design Innovation Group 
VWXG\',*DQGFROOHFWHGE\:DOVKHWDOFRQVLGHULQJFXVWRPHU¶VUHTXLUHPHQWVDWHDUO\VWDJH
of production can reduce cost and later modification. For instance, many doctors purchase medical 
equipment based on the ergonomic, technical and aesthetic aspects of design viewed in the equipment 
(Moody, 1984). Hertenstein & Platt (2005) also highlighted that industrial design has a positive effect 
on WKHFXVWRPHUV¶SUHIHUHQFHVZKHUHDVFXVWRPHUV¶DWWHQWLRQWRWKHDSSHDUDQFHIRUPRIWKHSURGXFWV
and design of packaging have been evidenced by Berkowitz (1987) and Sewall (1978); Schoormans & 
Robben (1997) respectively. Even though managers are more concerned about the expenses of 
industrial design, they agree on well- designed product being the main preferences of the customers.   
In the second step of their research, (Hart, et al. 1989) analysed the differences between corporate 
level and task level of design using pilot study results. Two unlike groups of companies were known: 
³SURDFWRUV´ZKREHOLHYHGLQPDQLSXODWLQJWKHPDUNHWDQGDIIHFWLQJFXVWRPHUVE\LQYHVWLQJRQSURGXFW
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GHVLJQDJDLQVW³UHDFWRUV´ZKRDFFHSWHGWKDWPDUNHWGHWHUPLQHVWKHDELOLW\DQGUeaction of firms in the 
market. (Hart, et al. 1989) discovered that 8 reactor companies out of 13 had less than 12% turnover 
of new products. Also 7 proactors companies out of 10 had over 60% turnover of new products. By 
organising the design task in two groups of sample companies in order to re-examine changes in their 
turn over, similar result was found: 7 reactor companies out of 9 had less than 12% turnover of new 
products. Also 8 proactors companies out of 11 had over 60% turnover of new products. 
While Black & Baker (1987) concluded that success can be measured through design orientation, 
(Hart, et al. 1989) went further adding that proactors utilise design as aggressive search for finding 
EXVLQHVVRSSRUWXQLWLHVZKHUHDVUHDFWRUVFRQVLGHULWDV³GHIHQVLYHZHDSRQ´ 
(Walsh, et al. 1988) took one step further in comparison to Black & Baker (1987) in which they 
explored the role of design in competitiveness and design management practices. In order to measure 
design, they examined the indicators of the firPV¶ UHSXWDWLRQ QDPHO\ WRWDO QXPEHU RI DZDUGV DQG
SUL]HVQXPEHURI³ZHOOGHVLJQHG%ULWLVKJRRGV´ODEHOUHFHLYHGE\FRPSHWLWRUVDQGE\'HVLJQ&RXQFLO
Furthermore, the following indicators were administered to measure business success in two steps: 
firstly they considered profit margin, return on capital, asset growth and profit growth as measures of 
financial success; secondly they counted turnover growth and export sales as measures of market 
success (Walsh, et al. 1988). 
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³*RRGGesign´ 
Black & BakHUHPSKDVLVHGRQ³good design´DVnon-price competitiveness, which had played 
a significant role in competitiveness of British agriculture equipment in the UK market during 1972 to 
)RU LQVWDQFHE\DVVHVVLQJ WKHIDUPHUV¶ UHDVRQVIRUSXUFKDVLQJ this equipment, they found out 
that farmers were motivated to purchase British agriculture equipment, as low price was their main 
concern. Meanwhile, design was counted as major principal to those who purchased foreigners 
equipment. Hence, British agriculture equipment lost market due to the lack of high setup and tooling 
cost, in-house expertise shortage, limited working capital and other factors contributing to ³JRRG
GHVLJQ´ but in contrast, excellent design and superior performance of foreign machines resulted in 
market place success. However, Grossman & Helpman (1991) pointed out that ³JRRG GHVLJQ´ 
contributes into competitiveness of products particularly non-price factors. In contrast (Walsh, et al. 
1988) argued that design contributes into both price and non-price competitiveness: on one hand, the 
cost of manufacturing, operations and required materials are reduced through price competitiveness 
and on the other hand, reliability, comfort, ease of use and safety assist as non-price competitiveness 
which are value-for-money.  
(Walsh, et al. 1988) pointed out that many companies were not successful in terms of design 
investment. Not only did they believe that hiring design expertise was inexpensive for their company 
but also they were not certain about future financial benefits. Hence there was an attempt in response 
to this issue to measure the contribution of ³JRRGGHVLJQ´ in business success (Walsh and Roy, 1983). 
(Walsh, et al., 1988) concluded that higher profit margins and return on capital were recognised for 
those firms with more awards or prizes received for the design of their products. Therefore as NEDO 
(1979) research had shown that poor product design resulted in losing export UK market, having the 
VWUDWHJ\ RI ³JRRG GHVLJQ´ FDQ OHDG WR FRPPHUFLDO EHQHILW KRZHYHU EXVLQHVV VXFFHVV PD\ QRW EH
achieved.  
(Walsh, et al. 1988) evidenced DIG studies, which indicate that quality control is also associated with 
design of the product. They evidenced two Japanese companies, who manufacture electronics 
HTXLSPHQWV DQG KDYH D SDQHO RI FXVWRPHUV WR FRQVXOW RQ WKHLU SURGXFW GHVLJQ DFFRUGLQJ WR XVHUV¶
UHTXLUHPHQWV ',* UHVHDUFK GLVFRYHUHG WKDW ³HYLGHQFH RI GHPDQG´ ³WDUJHW PDUNHW´ ³HUJRQRPLF´
³JXLGDQFH RQ DSSHDUDQFH DQG VW\OH´ DUH SURYLGHG IRU GHVLJQ H[SHUWLVH WR DVVLVW WKHP ZLWK IXOO
specification of the product in profitable companies. Having full specification, design expertises are 
able to define the problems before occurring and suggest alternative solutions. But in contrast, less 
profitable companies only use preliminary functions to design their products. Successful firms also 
reinforce multiple requirements in their product design including creative opinion, feature, and 
technical aspects to encourage all departments to participate as balanced integrated activities. (Walsh, 
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et al. 1988) concluded that investment in design does not guarantee success in business, unless firms 
FODULI\ZKDWWKH\PHDQE\³good design´DQGKRZWKLVKHOSVWKHPWRVHOOWKHLUSURGXFWDWDSURILW 
Further Roy & Potter (1993) emphasised that there are some other factors which influence 
FRPSHWLWLYHQHVV QDPHO\ ³PDUNHWLQJ HIIRUW´ ³SULFLQJ´ ³WHFKQLFDO TXDOLW\´ DQG ³PDUNHW FKDQJHV´
However, they highlighted the indirect impact of design expertise involvement in the design of their 
product including employment of designers and positive attitudes of companies towards design.  
They pointed out that some of the sample companies failed to succeed because there are certain 
FULWHULDZKLFKFRQWULEXWHLQWRKRZLVFRPSHWLWRU¶VVWUHQJWKRUPDUNHWUHVLVWDQFHJDLQLQJDPDUNHWHYHQ
though design expertise contributed into the design works of their products. 
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2.2.2.1 Functionality of design 
Hertenstein & Platt (2005) discussed about industrial design in particular. They pointed out that 
however by growing industrial design, managers urged to consider it profitable, as Kotler (2003) 
states that industrial design aid companies to compete in the market place. Nevertheless, researchers 
KDYHQRW IRFXVHGRQTXDQWLI\LQJ WKHSDUWLFLSDWLRQRI³JRRGLQGXVWULDOGHVLJQ´ LQSHUIRUPDQFHRI WKH
companies. Thus, there is a question on why some of the well-designed products were not profitable 
or why some of the products were able to gain market despite having poor design. 
Nevertheless Sentance & Clark (1997) examined the impact of design and its related activities on UK 
economy. They investigated the role of design into the domestic products, employment and overseas 
incomes. To do this, spent and earnings had to be compared by design industry which was approached 
by MCAlhone (1987). The result illustrates that depending on the type of the industry, the proportion 
of design & development contribution differs. Therefore they decided to assess how design activities 
may involve in economic performance through innovation, new product development and existing 
product improvement as the main agent of economic growth emphasised by Grossman & Helpman 
(1991). But the difficulty of measuring the role of design through these factors was clearly understood. 
$VDUHVXOWWKH\FKRVHWRH[DPLQHILQDQFLDOUHZDUGV³HFRQRPLFZHOOEHLQJ´	³*'3´KRZHYHUWKLV
was also recognised to be extremely difficult to follow. Consequently they decided to focus on 
H[DPLQLQJ ³GHVLJQ DFWLYLWLHV´ LQ PDQXIDFWXULQJ LQGXVWU\ LQ WKH 8. 7KH\ FRQGXFWHG D VXUYH\
consisting of 800 manufacturing companies in the UK to measure design activities and their impact on 
economic growth. Not only did its result help to have a better picture of UK design activities in the 
UK, but also it was useful to recognise their design expenditures and its correlated activities and to 
represent these expenditures based on area (region), number of employees (size) and type of the 
industry. They used the result of the survey which was executed by Confederation of British Industry 
(CBI) involving the one-fifth of UK manufacturing companies. 
Moreover the investigation of the role of design through new product development stages was also 
followed by Black & Baker (1987). They divided companies into three different groups according to 
WKHFRPSDQLHV¶SROLF\DQGWDVNVKLJKDYHUDJHDQGQHJDWLYHVDOHVJURZWK7KH\GLVFRYHUHGWKDWWKH
importance of new product development factors did not rank similarly by both high sales growth and 
negative sales growth companies. As a result of this, they explored only those departments who 
SDUWLFLSDWH LQ QHZ SURGXFW GHYHORSPHQW VWDJHV DQG PHDVXUHG VXFFHVV LQ WKH PDUNHW WKURXJK ³VDOHV
JURZWK´LQGLFDWRU 
Sentance & ClDUN  XVHG WKHLU ILQGLQJV WR DVVHVV WKH UHODWLRQ EHWZHHQ ³GHVLJQ DFWLYLW\´ DQG
³HFRQRPLFSHUIRUPDQFH´7KH\FROOHFWHGEDVLFLQIRUPDWLRQDERXWFRPSDQ\DQGLWVSHUIRUPDQFH WKH
policy of the company with regard to introducing the new product development and product design, 
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the percentage of product distribution in various markets, changes in staff turnover and company 
profit in addition to company size, industry and region. The result of their survey indicates that for 
most of the sample companies operating in both import and export markets minor staff turnover is 
observed, but there is a decline in their profit. In order to measure the importance of product design 
and new product development in performance of the company, firms ranked those activities involved 
with performance of the company based upon their strategies. It was found out that majority of the 
firms have prioritised development of new product and improvement in quality of the product as their 
main activity. Most respondents also have agreed on high importance of product design and 
development of new product to their company. 
Additionally, Black & Baker (1987) discovered that engineering design personnel were more involved 
in the entire process of new product development in high sales growth companies, but aesthetic design 
personnel did not taken part in this process in negative sales growth companies. More over high sales 
growth companies employed higher aesthetic design personnel in comparison to negative sales growth 
companies. This suggested that involving higher aesthetic design personnel in the entire process of 
new product development leads to success in the market place. Thus, success can be measured 
through design participation in new product development stages. 
Roy & Potter (1993) followed Black & Baker (1987) in which they firstly examined various 
manufacturing projects in companies, involving professional design expertise to compare their return 
on investment. Sample companies were selected from those who participated in FCS/SFD programme. 
Fund consultancy scheme/Support for design programme was driven to provide funds and to support 
firms that had professional design expertise involvement into the design work of their products. They 
focused on small medium firms who employed design & development staff in purpose of dealing with 
design of their product. Projects were grouped according to the inputs taken from design expertise and 
type of the design outputs resulted. Most companies managed the design of their products through 
both in-house design & development and subsidised design consultant inputs, even though others 
involved inputs such as numerous product design or engineering design or combination of both into 
their product design. Consequently two-WKLUGRIWKHFRPSDQLHV¶RXWSXWVLQFluded either development 
of new products or development of redesigned products.  
Roy & Potter (1993) collected cost of the design tasks for the projects including research, 
development of design, instrument, and marketing with other miscellaneous costs to calculate the 
mean total investment. The result illustrates that the graphic design projects cost half of the 
engineering/engineering & industrial design projects and such technical design projects had to utilise 
their own resources in addition to minor support received from FCS/SFD in comparison to other 
projects.  
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Referring the result of an international survey conducted by Design Innovation Group study (DIG) 
successful companies employed both professional design skills and integration of these skills with 
other business activities particularly marketing and manufacturing. Sentance & Clark (1997) followed 
WKLV LVVXHE\ LQYHVWLJDWLQJZKHWKHUFRPSDQLHV¶UHVRXUFHVDUHLQYROYHG LQ0DUNHWLQJ LQWURGXFWLRQRI
new product development, technical and fashion design for their product and other aspects of design. 
Additionally companies disclosed their spent on brought-in services calculated as proportion of the 
total turnover and changes in number of design expertise. Responses were classified based on the CBI 
(ref) industrial classification to follow Industrial Trends Survey classification. By overlapping some 
of the activities, firms were required to classify their design expenditures. They found out that 
difficulty in measuring design is the result of considering design as a broad scope of activities. They 
emphasised that it is important not to count design terms as part of product development, even though 
it covers certain activities in design.  
Sentance & Clark (1997) concluded that a design activity is a main factor in competitive advantages, 
whereas majority of the large and smaller companies invest more on design expertise in comparison to 
other professional expertise. Thus the result of Roy & Potter (1993) survey is not valid, which 
illustrates that companies are in their early stages of getting experience to manage their product design 
through design expertise particularly external designers. Sentance & Clark (1997) highlights this point 
that firms spend more on design expertise and its related activities depending on the type of their 
LQGXVWU\QDPHO\³HQJLQHHULQJ´³WHFKQLFDO´³SURFHVVV\VWHPGHVLJQ´³DSSHDUDQFHRISURGXFWGHVLJQ´
DQG³JUDSKLFGHVLJQ´ 
Sentance & Clark (1997) did not discover a pattern for whether larger companies spend more on 
design in comparison to smaller sample industries. But as the result of their survey indicates, both 
large and small companies have high percentage of employment for design activity. Since large 
companies spend more on brought-in services, they concluded that smaller companies must have 
spent more time and resources on design activities. Thus it was recognised that depending on 
FRPSDQLHV¶UHJLRQDQGLQGXVWU\WKH\LQYHVWRQGHVLJQDFWLYLW\XVLQJGHVLJQH[SHUWLVHGLUHFWO\RUYLD
brought-in services. Further, by eliminating the impact of the type of the industry on design activity, 
WKH LQIOXHQFH RI WKH ³UHJLRQDO ELDV´ DSSHDUV VXEVWDQWLDOO\ 7KLV YDOLGDWHV WKH LPSRUWDQFH RI DUHD
(region), number of employees (size) and type of the industry in design measurement. 
However, Gemser & Leenders (2001) examined the effect of industrial design on the performance of 
the companies. They selected a range of furniture and instrument manufacturing companies to test 
their hypothesis. It became clear that furniture companies invest on their industrial design more than 
the other type industry regardless of the size and location of the company and type of products. They 
DOVRFROOHFWHGGDWDDERXWPDLQFKDUDFWHULVWLFVRIFRPSDQLHVFRPSDQLHV¶SHUIRUPDQFHLQWURGXFWLRQRI
new product development of the companies and the impact of investment in design. They assessed the 
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performance of professional design staff who works in different firms in terms of the size of the 
company. They concluded that the performance of all staff were similar.  
The outcomes of Roy & Potter (1993) survey which was recognised as the most successful survey in 
terms of data generation, costs, design threats and product development project illustrate that more 
than half of the sample companies were successful as they achieved indirect benefits such as 
understanding the usage of designers more effectively. Findings show that graphics projects had the 
highest rate of implementation in comparison to other type projects, though there was no design 
expertise participation in these projects. However, the probability of validating this result was lowered; 
while Black & Baker (1987) findings indicated that success can be measured through design 
participation in new product development stages, Sentance & Clark (1997) pointed out that majority 
of firms invest on design expertise.  
Gemser & Leenders (2001) measured industrial design intensity based on the following items: 
contribution of professional design expertise in percentage, number of design awards and prizes, 
temporarily design staff and average expenditure on the appearance of the product in new product 
development stages. They also measured industrial design innovation strategy by asking companies to 
specify whether their new product design is similar to available product design in the market created 
by their competitors. They measured performance of the companies through profit, profit growth, 
turnover growth, turnover and profit as its percentage. Additionally, certain control variables were 
measured to explain other aspects of comSDQLHV¶ SHUIRUPDQFH VXFK DV µSURGXFWLRQ IDFLOLWLHV¶
µPDUNHWLQJ H[SHQGLWXUH¶ DQG VL]H RI WKH FRPSDQLHV7KH UHODWLRQEHWZHHQ SURGXFWSHUIRUPDQFH DQG
industrial design was investigated. The result indicates that both furniture and instrument sample 
companies had the same opinion about the benefit of using industrial design in which they emerged as 
it was evidenced by Dickson et al (1995); this also validates  Roy & Potter (1993) findings. 
In the second step of their research, Roy & Potter (1993) debated on this issue that an increase in 
return on investment is achieved, if companies invest on design. Using cost, sale and profit margins 
data, they calculated loss on projects and concluded that graphic design projects have less loss-making 
among other type projects. Additionally, the time for developing new products or redesigning the 
product from the beginning of market launch period until sale and total investment recovery was 
calculated. It was concluded that almost all type projects have large payback on their total design 
work investment. Only engineering type projects are at high risk of failure and loss-making in the 
beginning of the projects; however, return on investment for these type projects is significantly large 
after implementation stage.  
(Hertenstein & Platt, 2005) argued that even though calculation of return on investment for companies 
is possible, no method has been recognised yet to calculate return on design. When assessing the 
performance of the companies, investment on design is not visualised. That is due to the fact that there 
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is a time lag between the efforts of industrial design in product development process, recognition of 
these efforts in the market and return on investment in financial accounts of the companies. However, 
accounting rules enforce companies to reveal their industrial design investment to be eliminated from 
next financial model straight away. As a result, quantitative investment on industrial design does not 
H[LVWLQFRPSDQLHV¶DFFRXQWV 
Roy & Potter (1993) assessed the impact of investment on design of sample companies to 
competitiveness so as to improve trade performance. They found that while sample companies 
improved design of their products or redesign through design expertise, they have the opportunity to 
enter new markets to compete; in other words, they are able to fulfil the imported market as well as 
compete with foreigner products in home market. 
Gemser & Leenders (2001) investigated the relation between industrial design investments and 
performance of the companies. Positive influence of ID intensity on performance indicators was 
found; however, this was much stronger in instrument manufacturing companies than furniture 
companies. Not only performance of furniture companies could not be significantly measured by 
industrial design intensity, but also negative relation was found between industrial design intensity 
and exported sale. Although Sentance & Clark (1997) findings confirmed that companies with large 
percentage of sale in export market invest more on design among other sample manufacturing 
companies. Investing on industrial design, no pattern was found to evidence that first-to-market 
strategy is more beneficial for furniture industry in comparison to instrument type; meanwhile strong 
contribution of industrial design and performance measures was concluded. 
Even though Hertenstein & Platt (2005) assessed the contribution of industrial design in performance 
of the companies, they pointed out that there is no consistency in understanding the contribution of 
industrial design in financial performance of the company in past research because only few industries 
were examined, one to three financial years were assessed and self-reported financial information has 
been used. Thus, they reassessed Gemser & Leenders (2001) research considering more industries, 
using audited financial data and a panel of experts in industrial design to examine only stock market 
returns. Experts in industrial design ranked design of their products based upon qualifications 
received by firms on their product design, evidence of the ³JRRGGHVLJQ´ in sample companies and 
WKH GHJUHH RI FRPSDQLHV¶ DWWHQWLRQ WR LQYHVWPHQW LQ GHVLJQ 7KHQ WKH FRPSDQLHV ZLWKLQ KLJK
effectiveness in industrial design were compared with low effectiveness type industries. Additionally, 
returns on sales, returns on assets, growth rates and stock market returns were calculated for financial 
performance measurement. Validating and checking the stability of gathered data, they compared the 
result of calculation with the audited financial statement which indicates that the companies within 
high effectiveness in industrial design had close correlation with measures in comparison to low 
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effectiveness type industries. In other words, better financial performance is achieved by the effective 
design.  
Sentance & Clark (1997) assessed how design has contributed into the economy growth of the 
companies. The result of regression analysis evidenced the connection between design expenditure 
and economic growth in which they argued that higher spent on design can cause higher growth in 
business performance. After measuring the effect of design activity on business performance growth, 
they tested positive impact of design on both workforce and sales volume including exported products 
³Hxport-RULHQWDWLRQ´DQGSURGXFWVDOHLQKRPHPDUNHW1H[WWKH\UHDOLVHGVSHQGLQJPRUHRQGHVLJQ
activity can cause more benefit to firms. Based on collecting the proportion of export sale, turnover, 
profit and employment of sample companies, design activities were shown through two different 
groups:  
- 7KHLQIOXHQFHRI³SURGXFWGHYHORSPHQW	LPSURYHPHQW´DFWLYLW\DQGZRUNIRUFHOHYHODQG³EURXJKW-
LQ´VHUYLFHV 
- 7RWDO VSHQW RQ GHVLJQ RQ GLIIHUHQW GHVLJQ FDWHJRULHV QDPHO\ ³DSSHDUDQFH´ ³WHFKQLFDO´
³HQJLQHHULQJ´³SURFHVVV\VWHP´	³JUDSKLF´ 
$IWHUDQDO\VLQJWKHGDWDWKH\IRXQGRXWWKDWWKHUHLVDFRUUHODWLRQEHWZHHQ³SURGXFWGHYHORSPHQWDQG
LPSURYHPHQW´DQGH[SRUWVDOHLQVDPSOHFRPSDQLHV7KH\FRQFOXGHGWKDWWKLVHIIHFWPLJKWEHSRVLWLYH
or negative depending on the type of the industry. It is positive, while companies invest on employing 
GHVLJQH[SHUWLVHUDWKHUWKDQ³EURXJKW-LQ´DVHUYLFH0HDQZKLOHWHPSOHIRXQGVWURQJHULPSDFW
of design expenditure on business performance. 
They also noted that design activity expenditure must not be counted more than once. They evidenced 
past research done by Grob and Dumas (1987), which stated that a manufacturer may have direct 
employee who provide brought-in services as well. In other words, such employees supply design 
activities of the company in addition to their brought-in services. They also mentioned that design 
staff may only work part time on design activities which needs to be considered in design expenditure 
DV³VLOHQWGHVLJQ´,QRWKHUZRUGVSHUVon who takes responsibility to do design activity may not have 
design qualification. In response to design expenditure overlap, Sentance & Clark (1997) calculated 
GHVLJQH[SHQGLWXUHEDVHGRQ³SURGXFWGHYHORSPHQWDQGLPSURYHPHQW´ZKLFKFRQWDLQV³HQJLQHHULQJ´
³WHFKQLFDO´³SURFHVVV\VWHP´DQG³DSSHDUDQFH´GHVLJQDFWLYLWLHV7KH\FRQFOXGHGWKDWJHQHUDOO\ WKH
large proportion of design spent in manufacturing companies is for engineering design, even though 
VSHQGLQJ RQ GHVLJQ YDULHVGHSHQGLQJ RQ WKH FRPSDQLHV¶ region and industry. They recognised that 
even though their estimation on the number of employees working on design activities was close to 
annual report of employees in 1996, their estimation on product & graphic design expenditure in the 
UK was three times larger than reported amount by The Economist (2 December 1996) which had 
covered Europe. 
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In addition, by spending small amount of turnover on design activities, sample companies achieved a 
VXEVWDQWLDOUDLVHLQ³JURZWKUDWH´RIWKHLUSURGXFWLRQ0RUHRYHr Hertenstein & Platt (2005) states that 
firms with higher rate in ³JRRGGHVLJQ´ earn positive return on investment as well as better financial 
performance by industrial design (ROD). 
As Grossman & Helpman (1991) states, product design is counted as part of the innovation. Followed 
by Bruce (1996) statement who pointed out that design should not be valued more than other involved 
factors in success of an innovation; Sentance & Clark (1997) searched for the amount which 
companies may spend on innovation activities such as research and development (R&D). They 
concluded that design activities are broader in comparison to R&D in which companies prefer to 
spend more on design but not R&D. Even though some of the sample companies spent on their R&D 
activities largely, though spent on their design activities has been significantly large too. They 
confirmed Walsh et al (1992) findings about design, which is able to distinguish R&D from other 
industrial-relate activities and emphasised to exclude R&D from design data while it is calculated. 
They suggest that investment on design activities is the key element of enhancing the business 
performance. Further the result of Gemser & Leenders (2001) indicates the positive relation between 
performance of the instrument companies and industrial design innovation as this has been also 
evidenced by Yamamoto & Lambert (1994) who emphasised on the effect of the appearance of 
products which results in value-added into the products in the market.   
This was followed by Borja de Mozota (2002) who created a model in light of showing the relation 
between design and innovation policy in SMEs companies in response to the impact of design on the 
performance of companies (Roy, 1988). She counted design as one of the main tools for innovation 
which reinforce the competitiveness of companies in the market. Through participation of the most 
excellent firms in design, the relation between design and certain factors such as management 
decision, organization of managing design, product, new product development and culture of the firm 
were investigated. The result indicates that majority of firms counted design as principals for a first 
design projects. Furthermore hierarchy support and brand policy are recognised as the most 
significant decision for integrating the ³JRRGGHVLJQ´; it was found that the majority of firms prefer to 
H[WHUQDOLVHGHVLJQEXWQRWLQWHUQDOLVHRUWDNHSURIHVVLRQDOGHVLJQHUV¶DGYLFHRQO\RIILUPVUHSRUW
design to their engineering and production department, however, most of them report design to their 
top level of management. This highlights the importance of independent function of design as well as 
co-responsibility of design with innovation team in which most of the managers would like to 
collaborate with designers for long period.  
Since respondents assigned the fourth position to the innovation driven by design, innovation 
management involve users into the early stages of the process of innovation to consider their 
behaviour on the product; design was valued as tactic knowledge, craftsmanship and interpersonal 
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qualities, managerial value by respondents: the majority of firms stated that they do not have training 
for designers, but they have knowledge on design (Borja de Mozota, 2002).  
 
2.2.2 Past studies comparison 
Reviewed past studies is followed by comparison of the works which have been done by researchers. 
Comparison of these findings has been illustrated in (Figure.2) to compare aims, proposed measures 
and definitions for the term design, research methodology, outcomes, strength and higher potential for 
improvement in past researches.  
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Researcher/s Black, C D & Baker, M J  Walsh, V, Roy, R & Bruce, M  Hart, S J, Service, L M & Baker, M J 
Subject Success through design Competitive by Design Design orientation and market success 
Published by Design Studies Journal of Marketing Management Design Studies 
Published year 1987 1988 1989 
Aims 
1) To assess market place success 
through design;  
2) To experiment the validity of 
past findings about measures of 
design; to investigate the role of 
design through new product 
development stages  
3) To investigate the role of design 
in new product development 
Explored the role of design in 
competitiveness and design management 
practices by collecting some of the findings 
in design management and practice  
 To assess the consequences of various 
orientations of design on design performance of 
firms  
Definition of 
design 
Defined as part of the new product 
development stages. 
Design is both appearance and ease of 
manufacturing adding value to the features 
of products in order to be sold at a profit 
Design is seen as a stage in the new product 
development process and also as the new 
product development process, and therefore 
attitudes and values of design are viewed as the 
task of new product development. 
Design measures 
1) Aesthetic design tasks 
2) Participation of aesthetic design 
personnel 
To measure design performance by total 
number of awards and prizes, number of 
receiving the well designed British goods 
label by competitors and also by Design 
Council. 
Design tasks in the entire process of new 
product development 
Performance 
measures 
Average sales growth (which was 
recognised as an inaccurate 
measure); but instead success 
(competitiveness in the market) 
was measured through design 
participation in new product 
development stages 
To measure business success: Profit margin, 
return on capital, asset growth and profit 
growth as measures of financial success; 
turnover growth and export sales as 
measures of market success; 
Companies' Turnover: Comparison of attitudes, 
policies and practices of sample firms based on 
the design performance estimation, however, 
this can be counted as an indicator of 
companies' performance, but not measure 
Methodology Interview 
Senior managers and technical staff were 
interviewed by administering the 
questionnaire  
Research was done in two steps: Pilot survey 
and mail survey: comparison of attitudes, 
policies and practices of sample based on the 
design performance estimation 
Outcomes 
Aesthetic design was recognised 
as an appropriate measure of 
design orientation; success can be 
measured through design 
participation in new product 
development stages 
design contributes into both price and none-
price competitiveness 
Higher turnover (over 60%) in proactive 
companies before and after organising the task 
of designing differently-- in comparison 12% 
turnover in reactive companies  
Strengths Ability to support past research  
Emphasis on this issue that successful firms 
reinforce multiple requirements in their 
product design including creative opinion, 
feature, and technical aspects to encourage 
all departments to participate in balanced 
integrated activities. 
Good analysis and justification for outcomes 
Potential for 
improvement  
1) Performance measures have not 
been supported strongly.  
2) Measuring design expenditure 
was avoided.  
3) They did not measure design 
orientation through design 
representation to recognise the 
connection between 
competitiveness and job title 
because sample companies did not 
have design representation. 
1)The contribution of design in 
competitiveness has not been analysed 
clearly in comparison to other findings, 
whereas in the beginning of the article the 
researcher aims to measure design 
performance and business success 
considering certain measures. 
2) Measuring design expenditure was 
avoided. 
3)Pose a question about what is the 
meaning of good design 
It was good to examine lost sale, which may 
have an impacWRQFRPSDQLHV¶SHUIRUPDQFH
while they organised the design of their 
products differently 
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Researcher/s Roy, R & Potter, S  Sentance, A & Clark, J  
Subject The commercial impacts of investment in design The contribution of design to the UK economy 
Published by Design Studies Design Council Research Workshop  
Published year 1993 1997 
Aims 
To examine various manufacturing 
projects of sample companies which 
involve professional design expertises in 
order to compare their return on 
investment.  
To examine the role of design in the UK economy including economic activities and 
economic growth 
Definition of 
design 
Considering classification of design 
namely engineering, fashion, graphic, 
product design, researcher pay attention 
to both price and non-price factors 
correlated with design  
No specific definition for design, but they found out that difficulty in measuring 
design is the result of considering design as a broad scope of activities. Therefore, 
their emphasis was not on counting design term as part of product development, even 
though it covers certain activities in design. They concluded that a design activity is a 
main factor in sustaining competitive advantage, since majority of the large and 
smaller companies invest on design expertise in comparison to other professional 
expertise. 
Design measures Return on investment considering inputs 
and outputs of design 
Measuring design activity through 
1) Number of employees (size) and type of the industry and area (region) of activities, 
2) The percentage of product distribution in various markets, changes in staff turnover 
and company profit, the importance of product design and new product development 
in performance of the company, rank strategic activities which is necessary for the 
performance of the company. 
3) Disclosure of involvement of their resources in Marketing, introduction of new 
product development, technical and fashion design for their product and other aspects 
of design, calculated as proportion of the total turnover and changes in number of 
design expertise.  
4) Total investment in design and the activities associated with design regardless of 
size, type of industry and area 
5) Comparison of spent on design with spent on innovation activities including R&D 
Performance 
measures 
Time to market, compete with foreign 
products  
1- Measured how design activity affects business performance growth by testing the 
positive impact of design on both workforce and sales volume including exported 
SURGXFWV³H[SRUW-RULHQWDWLRQ´DVZHOODVSURGXFWVDOHRQLQWHUQDOPDUNHW 
2- Measured whether more spent on design activity can cause more benefit to firms. 
Presented design activity in regression analysis as:  
7KHLQIOXHQFHRI³SURGXFWGHYHORSPHQW	LPSURYHPHQW´DFWLYLW\DQGZRUNIRUFH
OHYHODQG³EURXJKW-LQ´VHUYLFHV 
7RWDOVSHQWRQGHVLJQRQGLIIHUHQWGHVLJQFDWHJRULHVQDPHO\³DSSHDUDQFH´
³WHFKQLFDO´³HQJLQHHULQJ´³SURFHVVV\VWHP´DQG³JUDSKLF´ 
Methodology Face-to-face or phone interview and postal methods Provided  questionnaire  
Outcomes 
more than half of the sample companies 
were quite successful as they achieved 
indirect benefits such as understanding 
the usage of the designers more 
effectively. 
1) Close estimation in the number of design employees with annual report of 
employees in 1996 ,but the estimation on product & graphic design expenditure in the 
UK was three times larger in comparison to the result reported by The Economist (2 
December 1996) which accounted this amount across the Europe. 
2) Companies with large percentage of sale in export market invest more on design 
among other sample manufacturing companies. 
3) Spending small amount of turnover on design activities, sample companies 
DFKLHYHGDVXEVWDQWLDOUDLVHLQ³JURZWKUDWH´RIWKHLUSURGXFWLRQ 
Strengths 
1-This research has been recognised as 
the most successful survey in terms of 
data generation, costs, design threats and 
product development project.  2-Projects 
were grouped according to the inputs 
taken from design expertise and type of 
the resulted design outputs 3- Variety of 
examples 
1) Using questionnaire to measure design as an input as well as its contribution into 
business performance. 
&RQVLGHULQJWKH³FURVVOLQNDJH´EHWZHHQWXUQRYHUHPSOR\PHQWDQGSURILWZKLOH
they measured the impact of design in the performance of the company. 
3) Avoid double counting design activity expenditure 
Potential for 
improvement  
1-the time of new product development 
or redesigning the product from the 
beginning of the market lunch period 
until sale and total investment recovery 
was calculated, but it is not very well 
developed  
1) Using classification of design in which broad scope of activities are covered but 
instead measuring design activity is an elusive work.     
2) No clear pattern was discovered for whether larger companies spend more on 
design in comparison to smaller sample industries. 
3) It may not be very accurate that half of graphic design activity was added to total 
design spent to avoid overlap spent on design classification 
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Researcher/s Gemser, G & Leenders, M A A  Borja de Mozota, B  
Subject How integrating industrial design in the product development process impacts on company performance Design and competitive edge 
Published by Journal of Product Innovation Management DMI Academic Journal 
Published year 2001 2002 
Aims The effect of industrial design on the performance of companies 
To create a model in light of showing the relation 
between design and innovation policy in SMEs 
companies 
Definition of design 
Industrial design has been viewed as the activity of shaping the 
requirements of the product into the material, function and 
component, so as to make user friendly products which can be 
manufactured easily with high efficiency in performance and use 
of matHULDO)XUWKHUPRUHWKH\GHILQHGµSURIHVVLRQDOGHVLJQ
H[SHUWLVH¶DVFRQVXOWDQWRILQGXVWULDOGHVLJQDFWLYLW\RUDQLQ-house 
LQGXVWULDOGHVLJQVWDIIµ'HVLJQLQQRYDWLRQ¶ZDVDOVRGHILQHGLQD
sense of totally different type of design as a new design in 
compaULVRQWRWKHFRPSHWLWRUV¶SURGXFWGHVLJQ 
Design is counted as one of the main tools for 
innovation which reinforces the competitiveness of 
companies in the market 
Design measures 
measured industrial design intensity based on the following items: 
contribution of professional design expertise in percentage, 
number of design awards and prizs, temporary design staff and 
average expenditure on the appearance of the product in new 
product development stages 
Management decision, organization of managing 
design, product, new product development, culture of 
the firm;  
Performance measures 
measured industrial design innovation strategy by asking 
companies to specify whether their new product design had a 
similarity with available product design in the market created by 
their competitors 
This article discussed about factors contributed into 
design rather than measuring performance 
Methodology Telephone survey; face-to-face interview 
Using questionnaire in the first part of the research; 
Validate the linkage between design and Michael 
3RUWHU¶VYDOXHFKDLQPRGHODQGFDWHJRULVHGWKH
relevant variables of design management strategy in 
the second part of the research   
Outcomes 
furniture companies invest on their industrial design more than the 
other type industry regardless of the size and location of the 
company and type of products. 
Finalised an exploratory model which enables 
managers to fit their design strategy under one of the 
design management strategies:  
- Design strategy as differentiating positioning;  
- Design strategy as coordinating positioning  
- Design strategy as a transforming positioning 
Strengths Using clear measures to identify the relation between ID and performance of the companies considering hypothesis 
Validating the relation between design and Michael 
3RUWHU¶VYDOXHFKDLQPRGHOIRUWKHSXUSRVHRI
creating a model to show the relation between design 
and innovation policy in SMEs companies; fill the 
gap in past studies about not considering innovation 
as a contributor in good design  
Potential for 
improvement  
No pattern was found to evidence that first-to-market strategy is 
more beneficial for furniture industry in comparison to instrument 
type, but this strategy could also be an indicator to highlights the 
relation between investment on industrial design and performance 
of the companies 
The proposed model of design strategy may not 
strongly cover all core competencies required in 
order to gain market through design  
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Researcher/s Danish Design Centre  Hertenstein, J H & Platt, M B  
Subject Economic Effects of Design The impact of industrial design effectiveness on 
corporate financial performance 
Published by National Agency for Enterprise and Housing Product Innovation Management 
Published year 2003 2005 
Aims 
To assess the impact of utilising the design on the economy 
accounting two prospective:  
1) Macroeconomic pay off of design  
2) Substantial methodology to measure the positive impact of 
investment in design 
To assess the contribution of industrial design in 
performance of the companies.  
Definition of design 
All the steps which need to be administered before 
SURGXFWLRQSKDVHFRQVLGHULQJ³VWUDWHJLHV´³GHYHORSPHQW´
DQG³VW\OLQJ´RIGHVLJQ 
The process of improving the products in terms of quality, 
appearance, ease of manufacturing and utilisation of 
customers. 
Design measures 1)External/Internal investment in design  2)Increase/decrease in volume of design work 
Qualifications received by firms for the design of their 
products, evidence of the good design in sample companies 
DQGWKHGHJUHHRIFRPSDQLHV¶DWWHQWLRQWRLQYHVWLQJRQ
design; Industrial design personnel expenditures. However, 
they concluded that further investigation is required to 
examine whDWILUPVPHDQE\³JRRGGHVLJQ´ 
Performance measures 
Gross revenue performance 
Exports-share of turnover 
Employment-development 
Returns on sales, returns on assets, growth rates and stock 
market returns 
Methodology Telephone interviews and Newbiz business information 
system 
Using a panel of experts in industrial design to estimate 
design and performance measures and compare the result 
with the audited financial statements of sampled companies. 
Outcomes There is a correlation between the employment of design and 
achieving economic success in business  
Better financial performance is achieved by effective 
design. They also concluded that firms with higher rate in 
good design earn positive return on investment by industrial 
design (ROD). 
Strengths Justification of measures through numerical data 
1)Finding positive correlation between design spent and 
financial performance based on the audited financial input. 
2) Good interpretation about invisibility of return on design 
52'LQFRPSDQLHV¶DFFRXQW 
Potential for 
improvement  
Visualising the result through graphs and diagrams would 
help 
Positive return on investment by industrial design (ROD) 
has not been strongly supported. 
 
  
  
23 
 
Researcher/s Moultrie, J. and Livesey, F. and Malvido, C. and Beltagui, A. and Pawar, K. and Riedel, J. 
Subject Design funding in firms 
Published by International DMI Education Conference 
Published year 2008 
Aims To propose a conceptual framework as working model for being used in capturing design expenditure in firms at national OHYHOE\UHYLVLQJWKH³QDWLRQDOGHVLJQV\VWHP´PRGHOFUHDWHGE\NH\VWDNHKROGHUVLQGHVLJQVHFWRUV 
Definition of design 
In order to measure design expenditure, classification of design has been taken into consideration:  
8VLQJGHVLJQFODVVLILFDWLRQVWDWHGE\7HWKHUWRGLVWLQJXLVKEHWZHHQ5	'DQGGHVLJQDFWLYLWLHV³5HVHDUFK´³'HVLJQ
and development  including techQLFDOGHVLJQDQGXVHUIRFXVHGGHVLJQ´ 
2)Farr (1966) noted further distinction between product & service development category which was realised beneficial in 
GHVLJQH[SHQGLWXUHFDOFXODWLRQ³WHFKQLFDOGHVLJQ´³XVHUIRFXVHGGHVLJQ´ 
3)Based on the British Standard Guide(BS7000 P2,P9) and Grob (1990) design expenditure were distinguished from other 
expenses to avoid counting non-GHVLJQDFWLYLWLHVDVSDUWRIGHVLJQH[SHQVHV³&RUSRUDWHLGHQWLW\DQGFXOWXUH´³3URPRWLRQDQG
FXVWRPHUVXSSRUW´ 
4) Final categRU\RIVSHQWRQGHVLJQKDVEHHQWDNHQLQWRDFFRXQWDV³GHVLJQRIWKHRUJDQL]DWLRQHQYLURQPHQWDORSHUDWLRQ	
ZRUNSODFH´³GHVLJQRIEXVLQHVVSURFHVVHV	V\VWHP´ 
Design measures 
1)Input measures: Graduated students in design subject, Spent in design  
2)Output measures: Registered trademarks through World Intellectual Property Organisation (WIPO),Registered designers 
through World intellectual Property Organisation (WIPO)  
Performance measures Outcomes: Benefit on design spent as proportion of Gross Domestic Product(GDP) 
Methodology Conducting six series of pilot survey: Asking firms to reveal their departmental budget and resources involved in design and 
all of its activities, which could be taken into account as design. 
Outcomes 
Design associated with the business in three distinct areas:  
-Design within the business 
-Design in the creation of products and services 
-Design in the communication, promotion and delivery of products and services and in the creation and communication of the 
identity of the business   
It is problematic to find out all design expenditures, unless differentiating the ad-hoc decisions taken by non-designers from 
skilled decisions determined by professional designers, which may have an influence on customers, staff and design in firm. 
Strengths 
6HOHFWHGPHDVXUHVLQ³QDWLRQDOGHVLJQV\VWHP´PRGHOZDVIXOO\XQGHUVWRRGDQGFODULILHG 
'LIILFXOWLHVH[LVWLQJLQWKHPRGHOZDVH[SHULHQFHGZKLOHWKH\DWWHPSWHGWRPHDVXUHWKHGHVLJQWKURXJKPRGHO¶V
measures,3) Reasons for these difficulties were recognised including certain inappropriate measures, differences in 
terminology between the nations and so on. 4) Design classification was expressed to avoid ambiguity of the definition of 
design,  
5) Measures in the model were enhanced through pilot survey. 
Potential for 
improvement  The enhanced model will be examined through broad national survey to test the model and its measures in the future. 
 
 
  
24 
 
As (Pawar, et al., 2009) state, it can be seen that even though past researchers aimed to measure 
design expenditure in firms, it can be seen that broad definition of design have misled some of their 
findings. As a result of this, few researchers attempt to consider both design and performance 
measurement at the same time. Hence, broad definition of design is reviewed in order to define design 
in this research.    
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2.3 What does design mean? 
Some of the researchers have had specific definition about design:  
Black & Baker (1987) defined design as part of the new product development in order to avoid 
methodological problems.  
(Walsh, et al. 1988) states that design is both appearance and ease of manufacturing that add value to 
the features of products to sell at a profit. Similarly, Hertenstein & Platt (2005) defined design as the 
process of improving the products in terms of quality, appearance, ease of manufacturing and utility 
for customers. 
Roy & Potter (1993) states that there has been misunderstood, since it is classified into various 
categories such as engineering, fashion, graphic, product design, architecture, and textile. Hence, 
making decision on design of the product affects both price and non-price factors correlated with 
design. 
(Hart, et al. 1989) defined the existence themes of design in three different levels: the corporate level 
which utilises design as strategic weapon to focus on customer needs through technical abilities; the 
management level which indicates the shortage of design due to the managerial problems, and the task 
level which is seen as a stage in the new product development process and also as the new product 
GHYHORSPHQW SURFHVV 7KH\ FRQFOXGHG WKDW GHVLJQ LV DERXW ³VRIWHU RUJDQL]DWLRQDO IDFWRUV´ DQG
therefore, they emphasised on attitudes and values of design viewed as the task of new product 
development. Also they interpreted the meaning of design as a fitted product in which it can fulfil the 
required purposes such as cost restriction and appearance. Meanwhile, Danish Design Centre (2003) 
defined design as all the steps which need to be administered before production phase, considering the 
³6WUDWHJLHV´³GHYHORSPHQW´DQG³VW\OLQJ´RIGHVLJQ 
Gemser & Leenders (2001) has viewed industrial design as an activity of shaping the requirements of 
the product into the material, function and component; so as to make user friendly products which can 
be manufactured easily with high efficiency in performance and use of material. They defined 
µSURIHVVLRQDO GHVLJQ H[SHUWLVH¶ DV FRQVXOWDQW RI LQGXVWULDO GHVLJQ DFWLYLW\ RU DQ LQ-house industrial 
GHVLJQ VWDII¶ 'HVLJQ LQQRYDWLRQ¶ ZDV DOVR GHILQHG LQ D VHQVH RI WRWDOO\ GLIIHUHQW DQG QHZ SURGXFW
design in comparison to the desigQRIWKHFRPSHWLWRUV¶SURGXFW 
However some others aimed to classify design and create the model in order to fit design activities 
into the framework:   
Borja de Mozota (2002) confirmed Sentance & Clark (1997) findings about design activity recognised 
as a main factor in competitive advantages by validating the linkage between design and Michael 
3RUWHU¶V YDOXH FKDLQ PRGHO 0LFKDHO 3RUWHU¶V PRGHO FRPELQHV YDULRXV IDFWRUV ZKLFK SDUWLFLSDWH LQ
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design to build competitive advantages. The source of competitive advantages is known as cost 
differentiation and management. She assessed the impact of design on the culture of the company. 
Achieving higher score on design generates innovation as well as improvement in cost and 
maintenance of the product, and contributes to strategy and accelerating new product development. 
Representing the matrix of data, Borja de Mozota (2002) validated different style of design 
management by distinguishing the value chain design systems in three classes: design as a managerial 
competence, resource competence and economic competence. This research finalised an exploratory 
model which enables managers to fit their design strategy under one of the design management 
strategies:  
- Design strategy as differentiating positioning;  
- Design strategy as coordinating positioning  
- Design strategy as a transforming positioning  
7KHUHDUHDOVRVRPHRWKHUFODVVLILFDWLRQVLQFOXGLQJ³,QWHUQDWLRQDO&ODVVLILFDWLRQIRU,QGXVWULDO'HVLJQV
XQGHU WKH /RFDUQR $JUHHPHQW´ +RZHYHU LQ UHVSRQVH WR PHDVXUH GHVLJQ Hxpenditure in firms at 
national level, Professor Pawar, et al. (2009) revised the conceptual proposed model to develop a 
ZLGHUµ1DWLRQDO'HVLJQ6FRUHERDUG¶SURMHFWV7DUDVHZLFK3DZDUHWDOSRLQWHGRXWWKDW
design is considered as a component of R&D, innovation or new product development by firms; 
meanwhile it may not associate with R&D, as R&D may not terminate to new product development. 
As a result, (Tether, 2006; Pawar, et al., 2009) grouped the concept of design into two categories to 
distinguish between design and R&D: 
- Research which is based upon an experimental or theoretical work to develop new 
knowledge for creation and observable certainties; however, it may not lead to creating a 
new object or application.  
- Design and Development which is an experimental work or systematic phenomenon 
gained through research and/or experience, but leads to produce a product (either material 
or services); to install new processes and systems or to enhance significantly created 
products or installed processes. 
 
(Cooper and Press, 1995; Pawar, et al. 2009) suggested that those areas in design which focus on the 
technical activities can be differentiated from design in arts or user experience, whereas Pawar, et al. 
(2009) (from Herbert Simon 1994; Dym 1994) noted that this distinction in design can be known 
WKURXJKµDQDUWHIDFWVLQQHUDQGRXWHU¶VSHFLILFDWLRQLQZKLFKLQQHUUHIHUVWRWKHHQJLQHHULQJGHVLJQDQG
outer is in relation to industrial design. 
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Besides (Farr, 1966; Pawar, et al. 2009) argued that wider role of industrial designers is neglected, 
while they are restricted in aesthetics and ergonomic prospective only. In contrast, attention to its 
value can highlight the strength of the design that has been experienced by customers. Hence, it seems 
sensible to subdivide design and development in the following categories: 
- 7HFKQLFDO GHVLJQ ZKLFK UHIHUV WR WKH ILUPV¶ GHWHUPLQDWLRQ RQ WHFKQLFDO DVSHFWV GXULQJ
manufacturing products and/or services including mechanical engineering, electrical 
engineering, software design, production processes and required technologies for 
delivering services. 
- User focused design: The main source of creation of products is the experience of the 
customer and user which is included in product aesthetics, ergonomics aspects, interfaces 
with software and the entire services. 
Despite having contribution of design as part of R&D, it associates with some other aspects of the 
EXVLQHVVPDLQO\µFRPPXQLFDWLRQVDQGEUDQGLQJDFWLYLWLHV¶ZKLFKDUHLQUHODWHWRDOOILUPV7KLVPHDQV
that those firms who do not frequently participate into developing new products and/or services are 
also included. 
As (Kotler and Rath, 1984; Pawar, et al. 2009) state, design can also participate in optimising the 
requirement of customers, if customer has connection with products, environments, information and 
³FRUSRUDWH LGHQWLW\´ %ULWLVK 6WDQGDUG RUJDQL]DWLRQ %6, WKH GHVLJQ PDQDJHPHQW JXLGDQFH
distinguished the two dimensions of design; even though they are not precisely correlated with 
product or service development:  
- Corporate identity and culture: The organisation receives a unique attitude of features and 
values, which might be physical, operational or human based. 
- Promotion & customer support: The latter classification is defined at a corporate level in 
which the former can be assigned to individual product and/or service lines such as 
µDGYHUWLVLQJ SURPRWLRQDO OLWHUDWXUH SDFNDJLQJ LQVWUXFWLRQV PDQXDOV SUHVHQWDWLRQV
showroom environments, displays in stores, appearance courtesy and knowledge of staff, 
professionalism of delivery, help-lines, web-KHOSVHUYLFHZRUNVKRSV¶ 
It is also evidenced that design has been divided into four categories containing product 
design (including fashion), environmental design (buildings, interiors and landscapes), 
information design (graphic and multimedia) and corporate identity design (Gorb, 1990; 
Pawar, et al. 2009).  
 
 
Broad definition of design indicates that it is necessary to narrow the meaning of design in which it 
can be measured. For this reason, in this research design is defined in the context of the development 
RIWKHFRPSDQ\¶VPDLQSURGXFW7KDWLVDOORIWKHFUHDWLYHDFWLYLWLHVLQYROYHGLQPDNLQJSURGXFWVRU
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developing new products, from idea generation through to production. These activities may be 
conducted in-house or maybe outsourced and may be the responsibility of designers or others. 
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2.4 Performance  
2.4.1 What does performance mean? 
Neely, et al. (1996) defined performance through the effectiveness and efficiency of activity. They 
recognised the complexity of measuring design activities through performance measurement system. 
They suggested that while a performance measurement system is designed, it is necessary to consider 
certain criteria including factors which associated with environment, performance system or it is 
related to the individual measures. (Appendix1) 
 
2.4.2 Design performance 
(O'Donnell and Duffy, 2005) explained that the most difficult area in performance is definition of 
design performance. They stated that performance in design may refer to two different areas: one is 
design solution performance based on its specifications such as the highest speed of a car, and another 
is process performance in which solution is produced based on duration or cost; however the 
relationship of these areas in performance is unclear. As figure 3 indicates: 
- Design activity performance: one of the areas in performance is the evaluation activity 
within the basic design cycle (e.g. the measurement of a solution such as product and 
assigning values to it in order to guide decision making.)   
- Using sources such as design tools to create and evaluate solutions (e.g. design) 
Performance in design is specified through resulting the design and how well the activities required to 
produce that artefact are carried out. These two areas of performance are often referred to as product 
and process performance within the literature. 
 
Figure 3: Performance relationships in design (source: O'Donnell and Duffy, 2005) 
 
(Kaplan and Norton, 1992) developed a method known as Balance Score Card (BSC) to direct 
organizations how to clarify their strategies, make their plan based on their objectives and link their 
measures and objectives to succeed in the market. Following the designing the performance 
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measurement system, (Neely, et al., 2000) emphasised on the importance of performance 
measurement system through the following circle:  
 
Figure 4: performance measurement system circle (Source: Neely, et al., 2000) 
 
For instance, by reviewed other qualitative and quantitative performance measures such as sales 
volume, market share, return on investment, profit, innovativeness, employment prospects and strike 
performance; Black & Baker (1987) chose average sales growth to measure competitiveness and 
avoid problems of misinterpretation or financial distortion. In other words, this measure was an 
indicator of market place success.  
  
  
31 
 
2.5 Proposed Measures 
As (Driva and Pawar, 2000) have stated, past studies indicate that performance is not very well 
measured as a product design. Up until now no one was paying much attention to product design 
measurement. However, this is changing as firms have realized in order to have the upper hand in ever 
increasingly competitive fields such as quality management and manufacturing process control, 
knowledge of product design is crucial. Activities and processes are compared to previous operations 
and targets by product design measures. They concluded that companies are not able to measure 
product design effectively. 
 
7KLV UHVHDUFK LV DLPHG WR PHDVXUH GHVLJQ WKURXJK ³'HVLJQ 2ULHQWDWLRQ´ EDVHG RQ WKH IROORZLQJ
LQGLFDWRUV³-REWLWOH´³'HVLJQGHSDUWPHQW´³1XPEHURIGHVLJQSHUVRQQHO´³1XPEHURInon-design 
SHUVRQQHO´$GGLWLRQDOO\³'HVLJQSHUVRQQHO´³Non-GHVLJQSHUVRQQHO´³'HVLJQDFWLYLWLHV´³5HVHDUFK
DQGGHYHORSPHQW5	'´FULWHULDDUHFRQVLGHUHGWRPHDVXUHGHVLJQWKURXJK³'HVLJQ([SHQGLWXUH´ 
 
 
 
Figure 5: Proposed measures 
 
As (Figure 5) displays, Performance of the sample companies are measured WKURXJK ³3URGXFWLRQ
SHUIRUPDQFH´EDVHGXSRQWKHIROORZLQJLQGLFDWRUV³7LPHWRPDUNHW´³2Q-WLPHFRPSOHWLRQ´DQG³,Q-
EXGJHW FRPSOHWLRQ´ )XUWKHUPRUH ³,QQRYDWLRQ´ FULWHULRQ LV FRXQWHG WR PHDVXUH SHUIRUPDQFH RI
companies based upon economic performance. 
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2.5.1 Reasons for choosing measures 
)ROORZLQJ %ODFN 	 %DNHU  UHVHDUFK RQ GHVLJQ PHDVXUHPHQW LQ WKLV UHVHDUFK ³MRE WLWOH´ DQG
³GHVLJQGHSDUWPHQW´DUHWDNHQLQWRFRQVLGHUDWLRQWRILQGRXWZKHWKHUWKHUHLVDQ\GHVLJQHURUGHVLJQ
department available in the organization chart of sample firms. Black & Baker (1987) experimented 
the validity of some measures namely number of designers or head of design, scope of design 
positions and design expenditures in attempt to measure design in organisations. They searched for 
design representation by asking managers whether there is a design director at broad level, but they 
found out that this position does not exist in sample companies.  
Referring Black & Baker (1987) findings, success can be measured through design participation in 
new product development stages. However, Roy & Potter (1993) concluded that design expertise does 
not affect success in the market. Their findings indicate that graphics projects have had the highest 
rate of implementation in comparison to other type projects, though design expertise had no 
participation in these projects. Meanwhile, Sentance & Clark (1997) pointed out that majority of the 
large and smaller companies invest on design expertise in comparison to other professional expertise. 
HeQFH ³QXPEHU RI GHVLJQ SHUVRQQHO´ DQG ³non-GHVLJQ SHUVRQQHO´ DUH FKRVHQ LQ WKLV UHVHDUFK WR
discover the connection between design activities and designers considering some issues such as 
number of design or non-design personnel who are involved in design activities or whether design 
activities are managed by those who have qualification in design or non-designers cooperate in design 
DFWLYLWLHVDVZHOO7KHUHVXOWRIWKLVILQGLQJFDQKHOSWRPHDVXUH³GHVLJQH[SHQGLWXUHV´ 
Sentance & Clark (1997) argued that higher spent on design can cause higher business performance 
growth. They also noted that it is necessary not to count design activity expenditure more than once, 
while it is calculated. However their estimation on product & graphic design expenditure in the UK 
was three times larger than the amount reported by The Economist (2 December 1996) and had 
covered across the Europe. Studying past research, (Pawar, et al. 2009) recognised that there is a gap 
in which design expenditure measurement has been ignored or broad definition of design and its 
activities has caused difficulty in capturing design expenditure. Hence, they proposed a conceptual 
framework as working model for being used in capturing design expenditure in firms at national level. 
7KH\ UHYLVHG ³QDWLRQDO GHVLJQ V\VWHP´ PRGHO FUHDWHG E\ NH\ VWDNHKROGHUV LQ GHVLJQ VHFWRUV
&RQVLGHULQJ WKLV LVVXH WKLV UHVHDUFK DLPV WR PHDVXUH ³GHVLJQ H[SHQGLWXUHV´ E\ FDOFXODWLQJ ³GHVLJQ
SHUVRQQHO H[SHQGLWXUH´ non-GHVLJQ SHUVRQQHO H[SHQGLWXUH ³DQG ³GHVLJQ DFWLYLWLHV H[SHQGLWXUH´ LQ
sample companies.  
Sentance & Clark (1997) concluded that design activities are broader in comparison to R&D in which 
companies prefer to spend more on design but not R&D. (Tarasewich, 1996; Pawar, et al., 2009) state 
that even though design is considered as a component of R&D, innovation or new product 
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development by firms; it may not associate with R&D, as R&D may not terminate to new product 
GHYHORSPHQW 7DUDVHZLFK  3DZDU HW DO  7KXV LQ WKLV UHVHDUFK ³UHVHDUFK DQG
developPHQW 5	' H[SHQGLWXUH´ LV FRXQWHG WR PHDVXUH VSHQW RQ 5	' LQ VDPSOH FRPSDQLHV
whereas (R&D) expenditures must be recognised and be separated from design expenditures. 
Roy & Potter (1993) recognised that new design is an opportunity for firms to enter new market. 
Additionally, they calculated the time for developing new products or redesigning the product from 
the beginning of market launch period until sale and total investment recovery, however, the usage of 
this result was not appeared precisely. In contrast, Gemser & Leenders (2001) did not found a pattern 
to evidence that first-to-market strategy is more beneficial for furniture industry in comparison to 
instrument type, while firms invest on industrial design. Nevertheless (Driva, et al., 1994) found out 
that companies take advantage of time to market through increasing the product life in the market 
with lower cost and higher profit. They emphasised that product is made with lower cost by 
shortening the lead time; therefore, few problems may occur at final stage of production. They 
concluded that if the product remains in the market longer than same type product of competitors, sale 
life increases and consequently increases profit significantly. Therefore; ³tLPHWRPDUNHW´LVFKRVHQDV
one of the LQGLFDWRUVWRPHDVXUHSHUIRUPDQFHRIVDPSOHFRPSDQLHVWKURXJK³3URGXFWLRQSHUIRUPDQFH´
This helps to find out the relation between time to market and performance of production. 
Additionally it is possible to check the relation between time to market and projects which are 
completed early, on-time or late. 
 
As Liou (2008) states new product development is costly and time consuming process, certain 
companies are coped with failure of introduction of new product development into the market. As a 
result of late entry of products, product life cycle is shortening (Figure 6).  
 
Figure 6: The relation between product life and time (Source: Lecture notes) 
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Additionally late entry cause losing proportion of profit (Figure 7).   
 
Figure 7: The status of product entry into the market (Source: Lecture notes) 
 
 
In order to remain profitable in competitive market, it has been suggested that companies introduce 
new product into the market before the life cycle of the products decline (Figure 8).  
 
Figure 8: Introduction of new product to remain profitable (Source: Lecture notes) 
 
(Chang and Weiwei, 2002) argue that the role of budget management is more than dominating 
operational performance in firms. It is a method to finance in order to manage projects effectively 
DIWHUSURFHVVRIHYDOXDWLRQ+HQFH³LQ-EXGJHWFRPSOHWLRQ´LVFKRVHQWRXQGHUVWDQGWKDWZKHWKHUWKHUH
is a relation between performance of production and projects completed under budget, in-budget or 
over budget. 
Since many factors coQWULEXWH LQWR ³RQ-WLPH FRPSOHWLRQ´ RI SURGXFW GHYHORSPHQW SURMHFWV WKLV
research is aimed to measure product performance through this criterion. For instance, (Hartley, et al., 
1997) stated that by completing activities on-time, suppliers can have positive effect on the 
  
35 
 
performance of product development process, whereas it is necessary to reduce the time required to 
develop new products.    
 
Grossman & helpman (1991) counted design as part of the innovation, meanwhile Bruce (1996) 
pointed out that design should not be valued more than other involved factors in success of an 
innovation. Although Sentance & Clark (1997) decided to assess how design activities may involve in 
economic performance through innovation, new product development and existing product 
improvement, they clearly understood the difficulty of measuring the role of design through these 
factors. Following these researches, Borja de Mozota (2002) created a model in light of showing the 
relation between design and innovation policy in SMEs companies to measure the effect of design on 
WKH SHUIRUPDQFH RI FRPSDQLHV )RU WKLV UHDVRQ ³LQQRYDWLRQ´ LV WDNHQ LQWR DFFRXQW WR PHDVXUH WKH
effect of innovation into the performance of the companies. 
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2.6 Summary 
In this section, the summary of key issues in literature has been illustrated through the following 
graph. Figure 9 
 
 
  
 
 
Chapter 3 
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Chapter 3: Research Methodology 
 
This chapter discusses about research methodology, its structure and practical approaches that are 
implemented for the purpose of conducting this survey. It is followed by selecting the sample, 
recording ILUPV¶information based on the FAME database. Considering previous studies in design in 
previous chapter (chapter 2) as guidance, questionnaire is provided, and the reason of choosing each 
question is justified)XUWKHU³WLPHOLQHRUPHDVXUHVDQGTXHVWLRQV´DUHGLVSOD\HGLQgraph format. At 
the end, there is a brief explanation about improving the questionnaire. 
 
3.1 Research methodology structure 
(Kothari, 2004VWDWHV³Research is an original contribution to the existing stock of knowledge making 
for its advancement. It is the persuit of truth with the help of study, observation, comparison and 
experiment´ 
The meaning of research methodology is expressed as a solution for problems which occur in research. 
It is emphasised that research methodology is different from research methods, where as methods are 
those techniques utilised during research problem investigation. Thus, designing the research 
methodology is one of the main agents in research methodology (Kumar, 2008).  
Three types of research methodology have been represented by Creswell (2009):  
 
Figure 10: Types of research Methodology: Source: Creswell, 2009) 
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He pointed out that qualitative approach is about assessing the meaning of particular phenomenon by 
LQYHVWLJDWLQJ WKH RSLQLRQ RI SDUWLFLSDQWV LQ ZKLFK WKH LGHD LV GHYHORSHG WKURXJK D ³FXOWXUH VKDULQJ
JURXS´0HDQZKLOH K\SRWKHVLV DUH LGHQWLILHG WKURXJK TXDQtitative approach to support or refute the 
hypothesis using collected data.  
It is crucial to select an appropriate research methodology, which can support success in research. 
Howe (1998) states both qualitative and quantitative methods are utilised to analyse the result of 
survey with available resources but covering survey limitations and fulfilling the type of information 
required; therefore no priority is suggested on selecting the qualitative, quantitative or mixed 
methodology. The comparison of these methodologies and usage of approaches was represented by 
Creswell (2009). Hence, the methodology of this research is structured based on the quantitative 
approach  
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Figure 11: Comparison of methodologies (Source: Creswell ,2009)  
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3.2 Sample selection 
Sampling strategy can lead to accurate estimation; however, it is important to improve sampling 
VHOHFWLRQSURFHVV(YHQWKRXJKWKLVLVVXHZDVGLVFXVVHGHQRUPRXVO\E\)XOOHU³FRQYHUJHQFH´
issue has not been developed well. (Ramsay & Silverman, 2005, Muller, 2005) 
Black & Baker (1987) interviewed 61 managing director of the Scottish engineering and industrial 
textile companies to calculate the average sales growth (ASG) over the period of four years from 1982 
to 1985. Based on the result of this calculation, companies were grouped in three categories of high, 
average, and negative sales growth with the ASG of 17% for the first group, between 0 to 16% for the 
second group and 0% for the last group. Therefore, engineering and industrial textile companies 
achieved the average sale growth of 6% and 9% respectively. However, Black & Baker (1987) noted 
that this cannot be an indicator for performance because of two main reasons: 
- The sample included medium and small companies; therefore, the number of employees in 
firms was vastly different. 
- The sample of 61 companies was not large enough to be considered as an excellent 
representation of the engineering and industrial textile in general.  
They recognised that sample selection plays an important role in the result of the survey. In this 
research simple random sampling was considered in which all companies had the same chance of 
being selected considering the identified specification required for this survey.  
3.2.1 FAME database 
As (figure 12.) indicates sample companies were selected based on the following specifications by 
using FAME database:   
- Location: Considering UK area to measure design performance, London was selected as it is 
capital, many companies may have branch in capital and as a result of this the possibility of 
getting more responses could be doubled. Additionally, Nottingham was chosen because it 
was accessible and increased the chance of getting more responses, as the reputation of 
Nottingham University is well-recognised in the city. 
- Industry: Manufacturing companies were selected since this research was aimed to measure 
design.  
- Size: (Neely, et al., 1996) defined SMEs (small and medium enterprises companies) 
companies as those companies with less than 400 employees, meanwhile the European 
Commission conformed to ³5HFRPPHQGDWLRQRI0D\´ZKLFKFRQWDLQVGHILQLWLRQRI
SMEs companies as follows:  
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Enterprise category Headcount Turnover or Balance sheet total 
medium-sized < 250 ¼PLOOLRQ ¼PLOOLRQ 
small < 50 ¼PLOOLRQ ¼PLOOLRQ 
micro < 10 ¼PLOOLRQ ¼PLOOLRQ 
 
Considering this definition for SMEs companies, in this research size of sample companies 
was defined in the range of 10 to 500 employees. Even though it was targeted to survey SMEs 
companies only, decision was made in which this size was doubled to increase the 
opportunity for receiving more responses.  
 
Figure 12: Sample selection using FAME database (source: FAME) 
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Considering these specification for sampling in FAME database, the following manufacturing 
companies were listed as illustrated in (Figure 13) 
 
(Figure 13): Selected sample (source: FAME database) 
 
 
Referred back to design definition in this research, some of the companies were eliminated from the 
list because comparison between some of the production lines such as wood and apparel was not the 
purpose of this study. Overall, 894 manufacturing companies were achieved. Reviewing past 
researches and researchers experience, the size of the sample was large enough to cover survey errors. 
 
3.3 Firms data record using FAME 
The first 320 out of 894 company profile were selected to experiment the number of responses. Some 
of the primary information about the companies was FROOHFWHGIURPWKHVHSURILOHVVXFKDV³FRPSDQ\
QDPH´³DGGUHVV´³WHOHSKRQH´³HPDLODGGUHVV´DQG³ZHEVLWH´7KHVHLQIRUPDWLRQZDVUHFRUded in an 
excel sheet (Appendix 2). Data were recorded for three main reasons: firstly, it was easy to follow up 
the questionnaire after it was sent to respondents. Secondly, searching data was possible and thirdly, 
all the required information was integrated and therefore easily accessible.   
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)XUWKHUPRUHWKHLQIRUPDWLRQZLWKUHJDUGWR³FRQWDFWQDPHSRVLWLRQ´ZDVFROOHFWed because it could 
be an important element for this survey. Not only was it helpful to find out who would be the best 
person in the company to contribute into the survey, but it could also encourage companies to reply; 
more importantly it was not necessary to spend time on finding who could take responsibility of 
collaboration into the survey. Further, this increased the validity of researcher .The final field which 
ZDVUHFRUGHGLV³ODVWXSGDWH´+DYLQJWKLVGDWDROGSURILOHVZHUHH[FOXGHGIURPWKHVXUYH\. 
Lacking some of the information, other websites such as $SSOHJDWHSDSHUDQGSULQWRU³8.data´ were 
UHVHDUFKHGWRFRPSOHWHILUPV¶GDWDEDVH 
 
3.4 Questionnaire 
By reviewing past researchers namely Sentence & Clark (1997), some of the key questions were 
observed in their research. For instance, they asked firms about number of employees in the 
organization, responsible department for design activities in the organization, the budget allocated to 
design activities and design personnel, location of design in the organization, using in-house designers 
or consultants for design activities, possibility of classifying design into distinct subset, number of 
certificates received for good design, the effect of investment in design into the export market, amount 
of investment into long-term relationship with designers, internalised/externalised design activities or 
consulting professional designers. It is noticeable that questionnaire should not include any questions 
irrelevant to measures and purpose of the survey. For instance, (Walsh, et al. 1988) interviewed senior 
managers and technical staff to cover the strategy and organization of the company, planning and 
marketing of the product, product specification, design, development and production process, design 
management resources.  
In light of providing the effective questionnaire, the combination of reviewed past literature along 
with their proposed questions and brainstorming questions directed the purpose and direction of the 
questions into the main purpose of this survey. After improving these questions based on the 
recommendation of a design expert, the questionnaire was provided. (Appendix 6)      
 
3.4.1 Reasons for choosing questions 
Fowler (2002) stated that the relationship between recorded responses and research measures are 
maximised through providing good questions. Therefore, the format of questions including open-end, 
closed-end and multiple choice questions as well as content was carefully made. Though there are 
some advantages for open and closed questions. For instance, one of the advantages of open questions 
is that respondents are able to speak their mind, but it is hardly possible to administer them as fast as 
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closed questions. Nevertheless, it is difficult to get more responses, even though some of the 
researchers argue that sometimes respondents cannot match their opinion with any of the options in 
close questions (Dawson, 2009). 
The questionnaire was split into four sections. The first section contains 9 questions with regard to 
primary information about the company.  
- 5HVSRQGHQW¶VMREWLWOH: It was important in this research to know whether the professional who 
completed the questionnaire was a design personnel.  
- Company name: This was requested; however, it was emphasised that responses of an 
individual company will not be revealed to anyone. This is used as key indicator while 
FRPSDQLHV¶GDWDZHUHUHFRUGHGLQGDWDEDVH,WLVDOVREHQHILFLDOWRVHSDUDWHTXHVWLRQQDLUHV 
- Year of establishing the company: This question was asked to find out firPV¶H[SHULHQFHVLQ
their business. 
&RPSDQ\¶VPDLQSURGXFW: This question was suggested since some companies produce more 
than one product, they are asked to take into account the one with the highest investment in 
comparison to other products as this issue also has been expressed in the beginning of the 
questionnaire.  
Internalize/externalize design activities: The purpose of asking this question was to 
investigate whether firms spend on design activities in general, do they employ external 
design personnel and at which stage of their production design is involved. The result is 
useful for both design and design expenditure.   
- Total number of employee: This was asked to find the size of the companies as one of the key 
questions which has linked to interpretation of the result, while comparison of result is 
accomplished as this has been emphasised by Sentance & Clark (1997). 
- Number of new product development: This question was useful to check if companies involve 
in introduction of the new product development or they are not. Sentance & Clark (1997) 
evidenced that majority of the firms have prioritised development of new product and 
improvement in quality. Additionally the role of design through new product development 
stages investigated by Black & Baker (1987) who recognised that success can be measured 
through design participation in new product development stages. 
- New product development period: This question was collected from PHD thesis of one of the 
experts. The purpose of repeating this question was to find the frequency of new product 
development in the market in sample manufacturing companies, which is related to 
competitiveness of new product development in the market. Even though Roy & Potter (1993) 
found that by improving design of the products or redesign, firms have the opportunity to 
enter new markets to compete; Gemser & Leenders (2001) discovered that first-to-market 
strategy is more beneficial in one industry in comparison to another.  
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- Percentage of export products: This question was collected from the questionnaire which was 
administered by Sentance & Clark (1997) to check the validity of the point that sample 
companies operate in both import and export markets.  
The second section consisted of 13 questions about design. The result of the questions in this section 
can be used to measure design and its related activities such as design expenditure. 
- Having senior design personnel: Since Black & Baker (1987) attempt was not successful to 
PHDVXUHGHVLJQWKURXJK³GHVLJQUHSUHVHQWDWLRQ´WKLVMREWLWOHZDVUHSODFHGWRILOO WKHJDSLQ
their research. In other words, this is examined to find out if design can be measured through 
design orientation considering senior design personnel indicator. 
- Having design department: This question was asked to test if there is any department with 
design title in firms to measure design. 
- Number of design personnel: Black & Baker (1987) concluded that success can be measured 
through design participation in new product development stages. Therefore, this question was 
posed to examine whether number of participant affect on design and validate their findings. 
- Number of employees involved in design activities with design qualification: This question 
was asked to make sure that all the employees titled as design personnel have the qualification 
in design, where as this has an impact on the accuracy of design/design expenditure 
measurement.  
- Non-design personnel in charge of design activities: Roy & Potter (1993) discovered that 
depending on the type of the projects, managing the product design differed: more than half 
of the firms employed full-time design & development staff who involved in engineering 
design projects, meanwhile other firms relied on sales managers who had no design 
qualification but involved in graphic design projects or subsidised design consultant or had 
not employed design expertise. Therefore, this was checked to detect how much, if at all, non-
design personnel can affect the product design. 
- Design personnel with design qualification: This question was asked to observe the impact of 
design personnel on product design in firms. Furthermore, the result is used to be compared 
with Non-design personnel. 
- Responsible personnel for design activities:  
Black & Baker (1987) investigated to find out responsible person for design tasks. (Walsh, et 
al. 1988) recognised that successful firms also reinforce multiple requirements in their 
product design including creative opinion, feature, and technical aspects to encourage all 
departments to participate as balanced integrated activities. Using design activities introduced 
by Pugh (1996) to have the same scale of comparison for design activities, this question was 
asked to measure design according to the proportion of design activities accomplished by 
design personnel in an organisation(Appendix 7).  
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It is also possible that non-design personnel take part into these activities, as (DIG) stated that 
successful companies employed both professional design skills and integration of these skills 
with other business activities particularly marketing and manufacturing.  
Visualising the output of design: This question was suggested to estimate how much firms 
invest on design, while they tick the output of their product design as sketch, 2D, 3D, virtual 
prototype, physical prototype or the combination of these outputs. 
- Design personnel collaboration with other departments: The purpose of choosing this question 
was to measure design according to participation of design and non-design personnel. 
- Design personnel inspection on production line: This question was posed to investigate the 
proportion of design which is involved in production of the company.  
- In-house/Outsourced proportion of design activities: This question was asked to measure 
design expenditure through design personnel indicator. Since the cost of in-house /outsourced 
design expertise differ in firms, it is necessary to discover this issue to measure design 
expenditure. 
- Measurement on total spent on design: Roy & Potter (1993) recognised that almost all type 
projects have large payback on their total design work investment. This question was asked to 
discover if firms record their design expenditure in order to measure. The result is useful for 
measuring total design expenditure, although Sentance & Clark (1997) concluded that 
difficulty in measuring design is the result of considering design as a broad scope of activities. 
- Satisfaction on design activities spend: While Hertenstein & Platt (2005) asked the reason for 
why some of the well-designed products were not profitable and argued that even though 
calculation of return on investment for companies is possible, no method has been recognised 
yet to calculate return on design; (Pawar, et al., 2009) proposed a conceptual framework as 
working model for being used in capturing design expenditure in firms at national level. Thus, 
this question was asked to dLVFRYHUWKHLPSRUWDQFHRIGHVLJQIURPUHVSRQGHQWV¶SURVSHFWLYH 
 
Third section contained 5 questions on research and development (R&D). The result of the questions 
in this section can be used to measure R&D expenditure: 
- Having R&D department: This question was suggested since R&D expenditure must be 
separated from design expenditure.  
- Number of employees involved in R&D: This question was asked to find out if company 
spend more on (R&D) activities and its personnel in comparison to design activities and its 
personnel.  
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- Measurement on total spent on R&D: As (Figure14) displays, the edition of "EU Industrial 
R&D Investment Scoreboard" (the Scoreboard) in 2008 evidenced the large investment in 
R&D for both EU and non-EU firms.  
 
 
 
(Figure 14): Growth of R&D investment the Scoreboard companies  
 
Therefore, this question was asked to discover if firms record their R&D expenditure. The 
result is useful to distinguish between design expenditure and R&D expenditure, as this has 
been evidenced by Sentance & Clark (1997). 
- Satisfaction on R&D spend: This question was asked to discover the importance of R&D 
from respondents prospective. The result is used to be compare with Satisfaction on design 
spend. As this has been emphasised by Sentance & Clark (1997) that even though some of the 
sample companies spent on their R&D activities largely, spent on their design activities has 
been significantly large too.   
- In-house/Outsourced proportion of R&D: Since the cost of in-house /outsourced for R&D 
differ in firms, it is necessary to discover this issue to measure R&D expenditure. 
Fourth section contained 7 questions with regard to performance of the companies. The result of the 
TXHVWLRQVLQWKLVVHFWLRQFDQEHXVHGWRPHDVXUHFRPSDQ\¶VSHUIRUPDQFH 
- Total completion time of production: This question was suggested to find out total actual time 
of producing one unit of product in firms. The result is used for comparison cases. For 
instance, if producing one unit of wood products takes a day; measuring design, design 
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expenditure, R&D and performance for this product would not be comparable with an 
electronic product which takes a month to be produced.  
- Product market competition: This question was suggested to measure production performance 
through time-to-market indicator. Respondents were asked to reveal for how long their 
products remains profitable in the market.   
- Required budget for completion: This question was asked to measure performance of firms, 
while they have completed their products in-budget. What if they are over or under budget? 
Does it affect the performance of their product? 
- Time completion of products: The time for developing new products was calculated by Roy 
& Potter (1993), however, the result was not appeared in their research. This question was 
asked to measure performance of firms, while they have completed their products on-time. 
What if they are early or late? Does it affect the performance of their product? 
- Percentage of on-time delivery: This question was suggested to find out if there is any relation 
between the performance of productions and delays in production line. 
- Delay causes in production: This question was suggested to discover main causes of delays in 
production. The result is useful to interpret additional criteria which may involve in 
performance of production.  
The importance of the product design: Gemser & Leenders (2001) measured industrial design 
innovation strategy and concluded that positive relation between performances of some manufacturing 
companies sampled in their research and industrial design innovation. Here this question was asked to 
H[DPLQHWKHUHVSRQGHQWV¶SUHIHUHQFHVZLWKUHJDUGWRLQGLFDWRUVSURGXFWGHVLJQ5	'LQQRYDWLRQ
quality and product volume. To some extent, companies were asked to reveal whether they prefer to 
spend more on product design in comparison to other criteria or R&D is the most important issue to 
them or innovation. Further, it is useful to measure economic performance through innovation in 
similar cases. 
 
3.4.2 Timeline or measures and questions 
It is available in two formats: (Figure 15) 
- In Excel sheet (it is possible to double click and view) 
- As JPG  
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Excel sheet: 
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3.4.3 Improving the questionnaire 
The finalised questionnaire was improved based on the recommendation of two other experts in this 
field, so as to increase the rate of responses and make the questionnaire more understandable to 
respondents. As a result of this, certain amendments were taken into account in questionnaire as 
follows:  
- Reordered answers for a multiple choice questions to help respondents decide quicker 
- Changed the section of couple of questions to avoid confusion for respondents 
- Inserted more options to a multiple choice question  
- Inserted researcher email address at the end of the questionnaire  
3.5 Summary 
In this section, the summary of key issues in research methodology has been displayed through the 
following graph. (Figure 16) 
 
  
 
Chapter 4 
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Chapter 4: Survey 
 
This chapter has outlined the reasons for conducting a survey followed by selecting the method of 
survey. Different survey methods are assessed namely postal, phone and face to face interview. Using 
provided questionnaire which was explained in previous chapter (chapter 3), administering the 
questionnaire through email is explained including the outcomes and how to increase response rate 
followed by a brief summary of the chapter.   
 
4.1 Why conduct a survey? 
As Fink (2006) states, conducting a survey has three main advantages namely setting a policy or 
SODQQLQJDSURJUDPPHHYDOXDWLRQRIZKHWKHUWKHSURJUDPPHLVHIIHFWLYHWRFKDQJHSHRSOH¶VRSLQLRQ
and an assistant for researcher. For instance, language art curriculum of Bartley School was modified 
causing it to be judged as an outdate curriculum. For this reason, a survey was conducted to examine 
this changes and a hypothesis was identified by researchers on this issue that teaching depends on the 
educational background of teachers. Examining this hypothesis, the result of survey helped 
researchers to test this hypothesis with achieved data.   
4.2 Survey method selection 
Researchers use different methods to conduct a survey depending on the subject, sample, time and 
sources. For instance, Roy & Potter (1993) conducted their survey on 221 projects through face-to-
face or phone interview and postal methods. In this research, advantages and disadvantages of 
possible methods were assessed as follows:  
4.2.1 Postal survey vs. electronic survey 
In the first stage of this research, attempt was made to provide postal addresses of sample companies 
through FAME database and to provide cover letter for every single company using quick merge mail 
and post the questionnaire to all firms. On one hand, the questionnaire will be visualised to 
respondents encouraging them to respond, but on the other hand, this method had some disadvantages:  
- Even though it was important to include contact name in cover letters, this information was 
unavailable for some of the firms neither through FAME database, nor through other sources 
including Applegate database. Therefore, while creating cover letters, contact person was 
excluded in some of them.  
- It was time consuming and inexpensive in comparison to electronic post in which it would 
take longer to obtain responses.  
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4.2.2 Phone survey 
Phone survey was recognised inappropriate in this stage of survey because the possibility of refusing 
to take part into survey was predicted to be higher than acceptance to participate after receiving the 
questionnaire by firms. As Schonlau, et al., (2002) state, response rate for phone survey has been 
UHGXFHGEHFDXVHRIWKHFRPSHWLWRUV¶FRPPHUFLDOVXUYH\LQZKLFKKLJKUHVSRQVHUDWHLVKDUGO\SRVVLEOH
through this method. 
4.2.3 Face-to-Face interviews 
Gemser, G & Leenders (2001) compared a personal interview survey with a mail survey. They argued 
that a personal interview survey makes researcher certain about this point that respondents understood 
the concept of the survey well. In addition, the possibility of incomplete questionnaires is decreased 
and the response rate is increased. Nevertheless, in this research Face-to-Face interview was not 
beneficial because of the sample size and time restriction. 
4.2.4 Administering the questionnaire 
Consequently, decision was made, and the questionnaire was administered through electronic post. 
(PDLO DGGUHVVHV RI VDPSOH FRPSDQLHV ZHUH FROOHFWHG :KLOH GDWD ZDV QRW DYDLODEOH FRPSDQLHV¶
website or other sources were searched for data collection.  
- A cover letter was provided as a body of email considering the brief explanation about the 
topic of the research, the importance of subject and its benefit to participants of the survey. 
Additionally firms were informed about this issue that an individual information would 
remain confidential; however, those firms who did not wish to contribute were asked to write 
their reasons (Appendix 4 )    
- Electronic version of questionnaire was restricted and formatted in which respondents were 
able to answer to the questions only, but they would not be able to edit questions.  
- The questionnaire was sent to design personnel, in case that their contact name and email 
address were found, otherwise it was sent to executive manager, production manager, human 
resource manager, manager director or other technical employees. Even though the chance of 
obtaining responses was lowered with targeting employees with higher positions and possibly 
more workload, this was preferred in comparison to not having any contact name for sending 
the questionnaire or questioning employeeVZLWKOHVVNQRZOHGJHRIWKHLUFRPSDQ\¶VRSHUDWLRQ 
- Cover letter was slightly revised and sent to those companies without contact name or with 
online enquiry form in order to ask for contact name to send the questionnaire.  
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4.3 Outcomes  
By referring to FRPSDQLHV¶SURILOHGDWDEDVH$SSHQGL[ 2); it was possible to contact 277 out of 320 
companies because the remaining 43 companies had not provided any email address to be contacted. 
Considering repetitive profiles which were noticed that have been recorded in FAME database, out of 
277 companies, only 19 companies had contact name, 5 companies had online request form and the 
rest of 235 companies had enquiry, sale, administration, reception and other email addresses. 
Therefore, questionnaire was sent to 259 companies out of 277 companies through email; however, 
the response rate was low. Only 4 responses were achieved, even though some of the questions were 
not fully answered in one of the questionnaire. After carefully following up on this issue for collecting 
more responses via email and phone, it was understood that: 
- Some of the companies, which have been recorded in FAME database as manufacturers, are 
not manufacturing companies. (Appendix 2,5 ) 
- Not only firms are not happy to share the information of their company, but also they were 
reluctant to be interviewed on the phone.  
- Some companies registered in the capital city in the UK, but then company was moved 
elsewhere. Meanwhile FAME database counted them as firms based in London. 
4.4 How to increase the response rate? 
As (Moultrie, et al. 2008) stated, difficulty in data collection in the UK has been evidenced; however 
Kaizen¶V continuous improvement suggests that by considering small incremental changes, efficiency 
or quality increases. 
$FFRUGLQJ WR WKH ³LQFUHPHQWDO DQG EUHDNWKURXJK LPSURYHPHQW SURFHVV´ FRQWLQXRXV LPSURYHPHQW
consists of incremental improvement, radical break through and maintenance. It represents continual 
improvement of all processes which involves all operations and work centers including suppliers and 
customers namely People, Equipment, Materials and Procedures. 
 
Figure 17: Quality performance and time (Source: Lecture notes) 
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As a result of this, meeting was held with two experts in this field in order to discuss possibilities for 
how to increase the response rate as follows:  
- Option 1 was to follow the current work by sending the questionnaire to remaining companies 
explained in the sample selection. This was not time consuming; however, there was no 
guarantee that more response would be achieved. 
- Option 2 was sending the questionnaire to the same companies after creating the 
questionnaire in an online status. This seemed logical in which non-respondents may find 
online questionnaire easier to fill.   
- Option 3 was to consider the broader sample of international companies. This required new 
GDWDEDVH FRQVLVWLQJ RI JOREDO PDQXIDFWXULQJ FRPSDQLHV¶ LQIRUPDWLRQ DQG FRQWDFWV XQOHVV
through the help of personal contacts network in several countries.  
- Option 4 was to change the sample as national survey in response to cover the whole UK. 
- Option 5 was a pilot survey on the number of students studying design and manufacturing 
subject. This could have caused some changes in the questionnaire in which the concept of 
certain questions were required.  
At last, option 2 was chosen and following improvement was implemented: 
- Cover letter improvement: 
Cover letter was improved according to the recommendation of one expert in this field. 
Consequently, the letter was summarised and explanations were shortened. 
- Improving the procedure of questionnaire:  
(YHQ WKRXJK ³SurveyMonkey´ ZDV SRSXODU LQ WHUPV RI SURYLGLQJ DQ RQOLQH TXHVWLRQQDLUH
³)UHH2QOLQH6XUYH\V´ZDVVHOHFWHG for the purpose of this survey. One of the main advantages 
of this website was that it was free of charge regardless of the number of the questions in the 
questionnaire. But in contrast researcher is charged by SurveyMonkey website, if the number 
of questions exceeds 10. Using SurveyMonkey website, on-line questionnaire was provided 
and as a result, respondents did not have to take any action after filling an online 
questionnaire. 
)XUWKHUPRUH GHFLVLRQ ZDV PDGH WR DGG RQH RSWLRQ IRU UHVSRQGHQWV WR WLFN ³, prefer not to 
DQVZHUWRWKLVTXHVWLRQ´ZKLOHLWZDVXQGHUVWRRGWKDWFRPSDQLHVDUHUHOXFWDQWWRUHYHDOVRPH
of the information of their company as this has been evidenced through correspondences with 
companies (Appendix 5 ) 
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4.4.1 Continuous improvement 
 
Figure 18: Improving the steps (PDCA, DMAIC) (Source: lecture notes) 
 
At last the questionnaire was sent to all 259 companies, but no responses were achieved. Hence, In 
order to have an efficient survey result, decision was made to repeat phone-survey for 50 
PDQXIDFWXULQJFRPSDQLHVFRQVLGHULQJ.DL]HQ¶VLPSURYHPHQWVWHSV'0$,&.) 
· D - Define opportunity  
· M - Measure performance  
· A - Analyze opportunity  
· I - Improve performance  
· C - Control performance 
 
  
4.4.1.1 Phone call Survey 
Since it has been evidenced that the result of response rate for face-to-face survey has not been as 
high as phone call surveys (Groves, 1990), in order to obtain more responses, attempt was made to 
contact with approximately 30 sample companies. However, the result was not validated as it was the 
peak of holiday period and no response was achieved. Second phone call survey was administered in 
early September in 50 samples of manufacturing companies which were located either in London or 
Nottingham (Appendix 3). Out of 50 sample companies, four companies were not manufacturers and 
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WZRFRPSDQLHV¶PDQXIDFWXULQJOLQHPRYHGWRRWKHUFRXQWULHV)RUWKHUHVWRIWKHFRPSDQLHVGHSHQGLQJ
on phone systems of these companies, respondents varied:  
Contacting the reception made it less likely to be directed to a technical person as restriction policy on 
surveys has been emphasised by certain sample firms.  
By connecting to direct switchboard or operator, there was a chance to speak to a technical person in 
design and/or manufacturing department in the first place, but no response was achieved. Even though 
some of them hesitated to avoid contribution in the first stage of interaction, and therefore, online 
questionnaire was sent to them through email and promise was kept to forward questionnaire to the 
right person in the company in response to cooperation into the survey; it was emphasised that there is 
no guarantee for responding due to confidentiality of the information.   
Furthermore, couple of technical employees accepted to be contacted in another time. Even though 
Groves (1990) highlights on the phone call errors caused by refusal responses that can be reduced by 
considering additional phone calls in sample selection, followed up to recall to these companies, they 
found out that they are unable to contribute into the survey because not only they were busy to the 
greatest extend, but also they were not the best candidates to help. 
Regardless of phone system, it seemed clear that majority of the sample companies were reluctant to 
contribute into the survey as a result of their high workload, stress of work environment and more 
LPSRUWDQWO\FRQILGHQWLDOLW\RIWKHLUILUPV¶LQIRUPDWLRQ7KLVUHVXOWYDOLGDWHVILQGLQJVRQGLVVLPLODULWLHV
between telephone survey and mail responses done by (Biemer, et al. 2004). The result of their survey 
indicates that no significant differences were observed between the two research methodologies.   
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4.5 Summary 
 In this section, the summary of key issues in survey has been displayed through the following graph. 
(Figure 19) 
 
  
  
 
 
Chapter 5 
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Chapter 5: Analysis & Discussion  
 
This chapter is discussed the analysis of the responses which has been reported in previous chapter 
FKDSWHU  'DWD LV DQDO\VHG IRU HDFK TXHVWLRQ DQG WKH UHVXOW LV HYLGHQFHG E\ SDVW UHVHDUFKHUV¶
findings. Finally, difficulties of measuring design are outlined followed by recommendation and 
further work. 
 
5.1 UK results  
Since the responses of individual companies are confidential, they are named alphabetically in order 
to have a consistent report, a better understanding of the results and to avoid confusion. More 
importantly this enables researcher to compare data while it is analysed. 
5.1.1 Design qualification definition 
The term design qualification is referred to formal academic design degrees. For the sake of 
abbreviation, it is just referred to it as qualification in the rest of the paper. 
 5.1.2 Company profile discussion  
Questionnaire was completed by two business development manager, one operations director and one 
manager director. Therefore, design personnel did not have any direct contribution into these 
responses. 
It was understood that all of the sample companies do design and produce based on their own design. 
This means that generally firms spend on design activities, but they do not externalise these activities.  
Total number of employees in these companies indicates that they are counted as SMEs, companies 
which were defined in chapter 3, sample selection section. 
It is illustrated that all of the companies are involved in the new product development because they 
introduce new products into the market periodically. For instance, company B introduce its new 
product every four months. Therefore, it can be concluded that this company has contribution into the 
export market (approximately 90% shown in the table). This validates Sentance & Clark (1997) 
ILQGLQJVZKLFKLQGLFDWHWKHFRUUHODWLRQEHWZHHQ³SURGXFWGHYHORSPHQWDQGLPSURYHPHQW´DQGH[SRUW
sale; however, it has been emphasised that this effect might be positive or negative depending on the 
type of the industry. Their findings confirmed that companies with large percentage of sale in export 
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market invest more on design among other sample manufacturing companies. Out of 4 companies, 
only one of them does not sell their product in an export market.  
Validating Roy & Potter (1993) findings, all of these companies have the opportunity to enter new 
market because of their contribution into the development of new product, which is the result of new 
design or redesign. Among four responses of companies, company B has the highest number of 
introducing the new product development to the market (5). To some extent, this company introduce 
60 (4*3*5) new products after 4 years whereas company C introduce only 2 new products every 4 
years. Nevertheless it may not be sensible to compare products produced by company C with the 
products of the other three companies because the type of their products is completely dissimilar, and 
also the life cycle in the market for these products is different. 
Figure 20: Company profile 
Questions A B C D 
Year established 1853 1942 1973 1994 
&RPSDQ\¶VPDLQSURGXFWV LV/MV  
Microwave 
vacuum electron 
devices amplifiers 
and transmitters 
Agricultural 
machine 
self service 
machine for rail 
internalize/externalize design 
activities 
design & 
production 
design & 
production 
design & 
production 
design & 
production 
Total number of employee 52 200 106 95 
Number of new product 
development  
2 5 2 3 
New product development 
period 
1/12 4/12 1/48 3/12 
% of export products 10% 90% 70% 0 
 
5.1.3 Design analysis 
Out of 4 companies, only company D has head of design and manufacturing for their design activities 
which is inadequate to confirm the possibility of measuring design through design representation. 
This was not achieved in the research done by Black and Baker (1987) because none of the sample 
companies have this job title in the company.  
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It was understood that all companies have design department. According to Black & Baker (1987), the 
number of employees participating in design affects design of the product. As fig indicates:  
In company A, totally 11 personnel work on design activities and total number of employees in this 
company is 52. In company B, totally 25 personnel work on design activities and total number of 
employees in this company is 200. In company C, 11 personnel work on design activities and total 
number of employees in this company is 106. In company D, 3 employees work on design activities 
and total number of employees in this company is 95.  
The number of design personnel in the companies means that they are there as design personnel in the 
companies, but in order to validate Black and Baker (1987) finding about whether design personnel 
participation affect design can be responded further down. 
 
 
Figure 21: Total No. of employees  
 
As (figure 21) indicates, it can be concluded that:  
Company A has 3 design personnel, and all of them have qualification in design. Out of 8 non-design 
personnel in charge of design activities, all have qualification in other disciplines.  
3
25
4 2
8
25
7
13 0 4 1
8
25
4 0
52
200
106
95
0
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40
60
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100
120
140
160
180
200
Company A Company B Company C Company D
No. of design personnel  
Non-design personnel in charge 
of design activities 
No. of employees involved in 
design activities with design 
qualification 
Employees involved in design 
activities with other 
qualification 
Total no. of employees
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Company B has 25 design personnel, but none of them have qualification in design. Out of 25 non-
design personnel in charge of design activities, all have qualification in other disciplines.  
Company C has 4 design personnel, and all of them have qualification in design. Out of 7 non-design 
personnel in charge of design activities, 4 of them have qualification in other disciplines, and the other 
3 do not have any qualifications.  
Company D has 2 design personnel, but one of them has qualification in design. There is only 1 non-
deign personnel in charge of design activities, who has no qualification at all.   
It can be seen that non-design personnel are involved in design activities. For instance, in company A 
there are 8 non-design personnel who are in charge of design activities. This can be interpreted from 
two different prospective: first it can show the collaboration between design personnel and other 
departments; second, it can indicate that non-design personnel including sale and marketing take 
responsibility on behalf of design personnel so as to reduce design expenditure in an organization as 
Roy & Potter (1993) discovered that depending on the industry, design is dominated differently. They 
pointed out that sometimes non-design personnel take responsibility for design activities. This is 
validated, whereas in company B, out of 25 personnel involved in design activities, none have 
qualification in design. 
 
Figure 22: Design personnel involvement 
 
In company A, out of 11 personnel involved in design activities, only 3 have qualification in design. 
In company B, none of the 25 personnel involved in design have qualification in design. In company 
C, out of 11 personnel involved in design activities, only 4 have qualification in design. In company D, 
1 of the 3 personnel involved in design activities has qualification in design. 
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It appears that non-design personnel are able to participate in design activities, but 3 out of 4 of the 
sample companies have non-design personnel in design department with no qualification in design. 
Further it is discussed whether design personnel has an impact on product design.  
 
 
Figure 23: Design/non-design personnel 
 
As stated in chapter 3, Pugh (1996) categorised design activities in five stages namely market analysis, 
specification, conceptual design, detail design, prototype testing and pre-production.(Appendix7) 
In company A, none of the design activities are done by design personnel, even though they have 3 
employees with design qualification. Instead engineers and sales persons take responsibility of design 
activities. Similarly, in company B, none of the design personnel contribute to design activities, and 
none of the employees are designated solely to design tasks. In company C, design personnel are 
responsible for all of the design activities except pre-production stage, even though salespersons, 
manufacturing and service personnel contribute into all the stages of design activities. In company D, 
design personnel are involved in only 3 stages of activities including conceptual design, detail design 
and pre-production. Having full responses on design activity, it seems that same terminology is used 
in all companies. Therefore, it can be possible to measure design according to design activities which 
validates Sentence & Clark (1997) findings about measuring design based on design activities. 
Companies A and B visualised design through 3D CAD and physical prototyping. Company C 
visualised design through 2D CAD and 3D CAD and Company D visualised design through sketch, 
3D CAD and physical prototyping. It is therefore possible to estimate part of the design expenditure 
based upon design tools and software which may be used in the company. In this scenario, company 
D spent the highest amount for visualising the product design in comparison to other companies. 
11
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It was found that the collaboration between design and production personnel in companies A and D is 
very good but is slightly lower in companies B and C. It seems that it is possible to measure design 
according to participation of both design and non-design personnel, where as the result indicates that 
there has been a good contribution between the two parties. This finding validates DIG studies about 
this issue that it is desirable if non-design personnel also contribute to design.  
In all of the companies design is inspected during production stage. This indicates that design 
activities, design personnel and non-design personnel involved in design activities have an impact on 
the production. 
2QO\ LQ FRPSDQ\'RI FRPSDQ\¶VGHVLJQDFWLYLWLes are outsourced. Therefore it is possible to 
calculate total expenditure for in-house and outsourced design activities and sum 50% of each 
category. Total design expenditure value for design activities is achieved for company D. The 
proportion of outsourced design activities is zero for the other three companies; therefore, all the 
expenditures are counted through in-house design activities.  
Only in company A, spent on design is not measured, meanwhile company B cost it separately 
counted; company C consider design cost for each product and company D measure it by analysing 
payroll and invoices. It is concluded that 3 companies out of 4 record design expenditures for their 
products. As Hertenstein & Platt (2005) stated, firms with higher rate in ³JRRGGHVLJQ´ earn positive 
return on investment as well as better financial performance by industrial design (ROD); although 
they argued that it is not possible to measure ROD, the result of this survey indicates that companies 
measure total design expenditures for their product which may clarify the ambiguity of representing 
WKH GHVLJQ H[SHQGLWXUH LQ FRPSDQLHV¶ DFFRXQW 7KHUHIRUH LW LV EHQHILFLDO WR FRQVLGHU WKLV LVVXH IRU
further investigation in order to create a model at national level for calculating total return on design. 
Companies were asked to explain the degree of their satisfaction on design activities spent:  
Company A thought that they should spend more time on product development to be more price 
competitive in the market. Company B said that there is a balance between spent on design and spent 
on manufacturing. Company C think they have to continue on spending on design to develop their 
niche market and to stay competitive. Company D believed they are growing at a satisfactory rate and 
DUH QRW RYHUVWUHWFKLQJ WKHLU UHVRXUFHV +HQFH WKH LPSRUWDQFH RI GHVLJQ IURP WKH UHVSRQGHQWV¶
prospective is concluded. 
5.1.4 R&D analysis 
There was no R&D department in any of these companies. However company B has 3-5 employees 
and companies C and D have 2 employees who are involved in R&D activities. Even though having 
R&D personnel help to calculate part of R&D expenditure, it does not suffice for calculating the total 
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expenditure. Design and R&D expenditure must be counted independently as this has been evidenced 
by (Tarasewich, 1996; Pawar, et al., 2009). They pointed out that design is considered as a component 
of R&D, innovation or new product development by firms but may not involve in R&D, as R&D may 
not automatically result in new product development.  
Only company C measured its total spends on R&D in which it is measured only in manufacturing but 
not on design. Therefore, the result indicates that R&D expenditures are not recorded in these 
companies and as a result, it is hardly possible to be measured. While this expenditure is unavailable, 
it cannot be compared with design expenditure. 
Companies B and C agreed that they spent right amount of money on R&D, but companies A and D 
disagree. This result illustrate that the role of R&D is not precisely recognised to these firms. It is 
argued that while there is no R&D department, it is unlikely to justify the reasons for R&D spent 
satisfaction. 
Companies with R&D activities estimated that 100% of these activities are in-house. This result 
indicates that these companies do not outsource their R&D activities and is useful while R&D 
expenditure is calculated.  
 
5.1.5 Product performance analysis 
Production at company A takes 4 weeks, but it is 4-6 months for company B and 5 weeks for 
company C and one day for company D. As this result indicates, it is not possible to compare products 
which take 4-6 months with the one which takes 5 weeks or one day.  
Company A thinks that their product remain competitive in the market as long as those of their 
competitors, but the other three think that their product remain in the market longer than their 
competitors. Based on investing on design, Gemser & Leenders (2001) did not find a pattern to 
evidence that first-to-market strategy is more beneficial for one industry in comparison to another one. 
But in contrast (Pawar, et al., 1994) emphasised that time to market benefits firms by increasing their 
product life in the market with lower cost and higher profit. They highlighted the main elements of 
squeezed time to market for products including efficient communication between the team members, 
involvement of senior management and production personnel, setting and dominating the deadlines, 
interaction between the design and production team members and transferring design data in advance 
to design personnel. If the product remains in the market longer than same type product of 
competitors, sale life increases and consequently increases profit significantly.  
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Company A estimates 100% of their products complete in-budget. Company B reports 30% of their 
products complete in budget, 40% over budget and 30% under budget. Company C estimates 80% of 
their products complete in budget but 20% of them completed over budget. Company D states that 
only 5% of their products complete in budget and the rest is completed over-budget. This indicates 
that in-budget completion has a positive effect on the economic performance of the companies. 
Company A estimates 50% of their products completes on-time and another half are completed late. 
Company B finds that 60% of their production finishes on-time, 30% late and 10% early. Company C 
reports 30% of their products finish timely and 70% are late. Company D estimates that 90% of their 
products completed on-time, 10% late. This result indicates that late projects cause late entry to 
market which causes to loss sale and benefit, therefore, this has an effect on the economic 
performance. It has negative effect in case that product is completed late.   
Company A reported that 70% of their products deliver on-time. This rate was 85%, 90% and 100% 
for companies B, C and D respectively. This result indicate that there is a relation between time to 
market and product delivery in which this has positive impact on economic performance of the 
companies. 
Suppliers are mentioned as the main causes of delay in production for all the companies; though, 
company D named design issues as another major cause. This result indicates that there is a relation 
EHWZHHQVXSSOLHU¶VSHUIRUPDQFHDQGHFRQRPLFSHUIRUPDQFHRIWKHFRPSDQ\   
 
5.1.6 7KHLPSRUWDQFHRISURGXFWGHVLJQIURPFRPSDQLHV¶SURVSHFWLYH 
This graph illustrates that company A prioritised its product design in comparison to other companies 
who considered other elements as their first choice. This result indicates that the importance of 
product design is not fully understood by firms. It is also recognised that innovation was considered in 
higher importance in comparison to product design  
Interestingly, company B has highest export sale in comparison to company A, even though they have 
less attention to their product design. 
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Figure 24: The importance of product design 
  
Company A Company B Company C Company D
Product
design innovation innovation
Product 
volume
Quality Quality Product design innovation
Product 
volume
Product 
design R&D R&D
innovation R&D Quality Quality
R&D Product 
volume
Product 
volume
Product 
design
  
68 
 
5.2 Discussion  
- Difficulties on survey limitations were investigated: (e.g. what could be done differently if 
there was no restriction for data collection?). The result was shown as follows:  
o Since research was in parallel with summer holiday, emails were not replied. 
o Loads of number of surveys (many students had similar research in which they should 
send the questionnaire to the companies  
o Some companies did not have any plan for further development of new product 
o Some companies preferred not to reveal their information, policies and strategies 
o Some companies were not manufacturing companies 
o Some companies did not have branches in selected sample (London & Nottingham); 
however, their profile is available in the FAME database as if they have offices in the 
area 
o Some companies had difficulty with how to open the questionnaire since they did not 
have the updated version of Microsoft 2007. Even though they were provided a PDF 
version, they also could accept telephone interview offer while they were contacted. 
Additionally they were provided an easy to fill online questionnaire. 
o As mentioned in chapter 4, contact name was not available for all companies; as a 
result of this, questionnaire were sent to reception, enquiries to ask for cooperation of 
relevant person.  
o It was LPSRUWDQWWRILQGRXWFRPSDQLHV¶EHQHILWZKLOHWKH\FRQWULEXWHLQWRWKLVVXUYH\ 
o R&D scoreboard book was helpful for only certain aspects of financial issues (e.g. 
turnover, ROI, etc) 
o FAME database was not updated by companies. Some of the companies did not know 
about it; however the record indicates that their profile has been recently updated. 
o Website was not compatible with the name of the company (e.g. different postal 
addresses in FAME, Applegate database and company website). Additionally even 
though some companies had registered in London, they had been moved to another 
place without getting their information updated. 
o Sometimes company name had been changed, but the old FRPSDQLHV¶SURILOHZHUHQRW
eliminated. 
It seems that reliable database is not available in which survey response rate is lowered 
significantly; even through SIC (UK Standard classification of economic activities) 
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5.3 Recommendations 
As Groves (1990) states, survey errors may appear due to either an inappropriate sampling and 
questionnaire or the interviewers and respondents¶ policies. Consequently, attempt was made to send 
the questionnaire to other countries for the purpose of testing the sensitivity of the questionnaire as 
well as increasing the response rate. However, differences in terminology, data collected from various 
countries may not be comparable for every single scenario (Moultrie, et al. 2008). 
The following Fig. indicates that response rate in four sample countries namely UK, USA, UAE and 
IRN are 1%, 40%, 30% and 10% respectively.  
 
 
 
Figure 25: International response rate 
 
The result indicates that international survey may help in obtaining higher responses. Additionally it is 
useful because capturing design expenditure is followed at national level. 
Furthermore there are some other issues which involve:  
-  Classification of design: Using the same terminology through classification of design is required for 
measuring design. For instance, by using the proposed model of capturing design expenditure 
achieved by (Pawar et al., 2009), firms are able to consider design spent on the products assuring that 
no more input is required to achieve design expenditure.  
-  Record design expenditure: Considering classification of design, data needs to be recorded in 
FRPSDQLHV¶DFFRXQW 
-  Establish the stronger relation between industry and educational system 
-  3UL]HVDQGDZDUGV,QFDVHWKDWLWLVQHFHVVDU\WRFRXQWFRPSDQLHV¶FHUWLILFDWHVSUL]HVDQGDZDUGVLQ
order to judge on the product design of the company, this needs to be systematic, whereas industries 
differ, and therefore product type are dissimilar. 
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5.4 Summary 
In this section, the summary of key issues in analysis and discussion has been displayed through the 
following graph. 
 
  
 
 
Chapter 6 
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Chapter 6: Conclusion 
 
Designers play an important role in launching the new product development in comparison to other 
H[SHUWLVH ZKHUHDV WKH LPSDFW RI GHVLJQ RQ FRPSDQLHV¶ SURGXFWV DQG WKHLU SHUIRUPDQFH KDV EHHQ
evidenced (Walsh, 1995; Hertenstein and Platt, 1997).  
By reviewing literature review in chapter 2, different opinions about design and design activities were 
found. For instance Sentance & Clark (1997) stated that design activities were shown through two 
GLIIHUHQW JURXSV RQH LV WKH LQIOXHQFH RI ³SURGXFW GHYHORSPHQW 	 LPSURYHPHQW´ DFWLYLW\ DQG
ZRUNIRUFH OHYHO DQG ³EURXJKW-LQ´ VHUYLFHV DQRWKHU LV WRWDO VSHQW RQ GHVLJQ RQ GLIIHUHQW GHVLJQ
FDWHJRULHV QDPHO\ ³DSSHDUDQFH´ ³WHFKQLFDO´ ³HQJLQHHULQJ´ ³SURFHVVV\VWHP´ 	 ³JUDSKLF´
Meanwhile Black & Baker (1987) defined design tasks in two main categories of engineering design 
and aesthetic design.  
 
Additionally it was understood that different opinions were found to be in contrast. For instance, Roy 
& Potter (1993) recognised that the graphic design projects cost half of the engineering or engineering 
& industrial design projects; however, Sentance & Clark (1997) recognised that depending on the type 
of the industry, the impact of design activities on business performance might be positive or negative. 
 
Furthermore Roy & Potter (1993) findings showed that graphics projects had the highest rate of 
implementation in comparison to other type projects, though there was no design expertise 
participation in these projects. However, the probability of validating this result was lowered, while 
Black & Baker (1987) findings indicated that success can be measured through design participation in 
new product development stages. Additionally Sentance & Clark (1997) concluded that majority of 
firms invest on design expertise.  
 
In addition, although Roy & Potter (1993) concluded that design expertise does not affect success in 
the market, they recognised that new design is an opportunity for firms to enter new markets.  
 
Nevertheless (Pawar et al., 2009) stated that design is associated with the business in three distinction 
areas: design within the business, design in the creation of products and services and design in the 
communication, promotion and delivery of products and services and in the creation and 
communication of the identity of the business.   
Since design spent had not been identified within management account, various budget holders were 
required to participate in data collection. By viewing technical aspects of the design in firms, R&D 
was distinguished from design LQWRWZRFDWHJRULHVRI³GHVLJQLQFUHDWLRQRISURGXFW´DQG³GHVLJQLQ
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FRPPHUFLDOL]DWLRQRIWKHSURGXFW´ZKLFKOHGWKHILUPVWRDGPLQLVWHUEHWWHUXQGHUVWDQGLQJRIGHVLJQ
activities. Some firms believed that no budget was assigned to design, meanwhile they recognized that 
non-designers has been in charge of making decision on various aspects of design of the product 
and/or services in many areas after promotion.  
They concluded that it is problematic to find out all design expenditures, unless differentiating 
between the ad-hoc decisions taken by non-designers and skilled decisions determined by professional 
designers; however, this differentiation may have an influence on customers and staff and therefore 
may affect the design in firm. They pointed out that even though it is difficult to measure design 
H[SHQGLWXUHGXHWRWKHIDFWWKDWGHVLJQLVQRWD³KRPRJRQRXVFRPPRGLW\´GHVLJQHUV¶VNLOOVDUHDOVR
vital. 
 
This category of design is helpful for both firms and nations to have the same definition about design 
referred to one of the design categories. Therefore measuring design expenditure will be possible. 
Having considered the categories in design, the definition of design for the purpose of this study was 
expressed. Then an overview about design performance including the definition of performance and 
the importance of performance measurement system was described. Eventually proposed measures of 
this research were defined and illustrated followed by justification of these measures.  
 
In chapter 3, the structure of research methodology and its type and qualitative/quantitative 
approaches was explained to test the measures. Then sample was selected from the FAME database, 
and required data was recorded for survey purposes. Then questionnaire was provided followed by 
MXVWLILFDWLRQRIWKHTXHVWLRQV$GGLWLRQDOO\³WLPHOLQHRUPHDVXUHVDQGTXHVWLRQV´JUDSKZDVH[SUHVVHG
which illustrates the relation between literature, proposed measures and questions. Also attempts were 
made to improve the questionnaire.  
 
Chapter 4 discussed the survey part of this research. The reasons for conducting a survey were 
explained, and an appropriate method was selected for administering the questionnaire. Eventually the 
outcomes of the survey were discussed followed by the practices taken up to possibly increase 
UHVSRQVH UDWHV LQ WKH VXUYH\ .DL]HQ¶V FRQWLQXRXV LPSURYHPHQW ZDV WDNHQ LQWR FRQVLGHUDWLRQ IRU
obtaining more responses. As a result of this, phone survey was conducted to increase response rate. 
 
Chapter 5 focused on the analysis and discussion of this research. The analysis of the UK result is 
WDNHQLQWRFRQVLGHUDWLRQLQFOXGLQJGLVFXVVLRQRQFRPSDQLHV¶SURILOHDQGDQDO\VLQJWKHUHVXOWRIGHVLJQ
R&D and product performance. Difficulties were outlined and possible alternatives were 
recommended as solution.  
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The result of this survey indicates that there is a difficulty in measuring design performance. As 
(Driva and Pawar, 2000) stated, majority of the company are not able to measure this activity very 
well, but they are searching for alternatives in order to effectively measure it. However, considering 
proposed measure explored by (Pawar et al., 2009), after implementing this model at national level, 
companies and the nation will have common definition about design companies and thus will be able 
to measure design expenditure.   
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Appendices 
Appendix 1: Considerable issues while a performance measurement system is 
designed 
  
  
 
 
Appendix 2: Electronic Survey sample (320 records) 
 
 
ID Company Name Address Tel  Email  Web site  Postal address  Phone No.  Email  Contact name /position  Last update  Comments 
 
available in 
Fame 
available 
in Fame 
available in 
Fame available in Fame available in Fame/ Applegate 
available in 
Web/Applegate 
available in 
Web/Applegate 
available in 
Web/Applegate available in Web/Applegate 
available in 
Fame 
 
1 
DOLPHIN 
DRILLING 
LIMITED 
2nd Floor 
64-65 
Vincent 
Square 
London 
SW1P 
2NU 
NA NA www.dolphin.net.uk  
Howe Moss Drive 
Kirkhill Industrial 
Estate 
Dyce 
Aberdeen 
AB21 OGL 
Scotland 
44 1224 411 
411 info@dolphin-doc.no  director: Mr Iain Mitchell  31/12/2009 yes 
2 
ALCATEL-
LUCENT 
SUBMARIN
E 
NETWORKS 
LIMITED 
Christchu
rch Way 
Greenwic
h 
London 
SE10 
0AG 
02082 - 
932000  www.alcatel.co.uk 
Alcatel-Lucent  
3 av. Octave Gréard 
75007 Paris, 
France 
33 (0)1 40 76 
10 10 
execoffice@alcatel-
lucent.com 
Adolfo Hernandez 
Europe, Middle East and Africa 31/12/2009  
3 AMSTRAD LIMITED 
Grant 
Way 
Isleworth 
Middlese
x 
TW7 
5QD 
01277 - 
228888  www.amstrad.com   NA  30/06/2009 
website is not 
available at the 
moment 
 
 
  
 
 
 
Appendix 3: Phone-Survey database sample (50 records) 
ID Company Name Address Tel  Email  Web site  Postal address  Phone No.  Email  
Contact name 
/position  
Last 
update  Result 
Mail 
survey 
database 
available 
in Fame available in Fame 
available 
in Fame available in Fame 
available in Fame/ 
Applegate available in Web/Applegate 
available in 
Web/Appleg
ate 
available in Web/Applegate available in Web/Applegate 
available 
in Fame  
1 
EASTHA
M 
REFINER
Y 
LIMITED 
8 York 
RoadLondonSE1 
7NA   
wwww.shell.com 
Eastham Refinery LtdNorth 
RoadEllesmere 
PortCheshireCH65 1AJ 
0151 
3272222 
Business Area Director 
UK :Christie, Jim :Business 
Area  Phone :  +44-151-
3262937  Mobile :  +44-7774-
731108  
jim.christie@nynas.com   
Director - Rolf S 
Allgulander 
31/12/200
9 
Restriction policy on 
survey 
 
 
 
 
 
 
 
  
 
Appendix 4: Cover letter sample 
 
Subject: Request your collaboration on ''design performance'' survey 
 
 
Dear Sir or Madam,  
  
You are invited to participate in my research at Nottingham University by completing the 
enclosed survey on ''design performance'' which considers certain manufacturing 
companies located in London and Nottingham areas. In this survey, the term design is defined 
as a process of decision- making to transform an opinion into tangible outcomes which aims 
to promote development of new products in the industry. Certain misunderstanding on the 
concept of design which results in various debates on interpretations of the use of design and 
its contribution into production highlights the importance of analysing the design and R&D 
activities involved in production. The main purpose of this exploration is to examine how the 
use of design may have a significant impact on performance of manufacturing companies 
through certain criterions and measures.  
 
Considering the investment on design personnel, activities, tools and techniques, I study 
whether spending more on design and its activities is of great benefit to the firms among all 
activities involved in developing new products, how the use of design may participate into 
the life cycle of products or how design expenditure may have a profound influence on time 
and cost management. The results of this study should guide respondents to assess their 
product development and R&D strategy from a range of industries covered in this survey. 
 
Please click on the link to complete the questionnaire, which should take approximately 10 
minutes:  http://FreeOnlineSurveys.com/rendersurvey.asp?sid=n1dtapna89dci5j800755 
Otherwise, please briefly explain your reasons for not collaborating into this survey. All the 
information you provide will remain confidential and the responses of individual companies 
will not be revealed to anyone except myself. A copy of the final results, which protects 
anonymity of the respondents, will be made available if required. 
 
Yours faithfully,  
 
Anita Rabieyan 
 lixar14@nottingham.ac.uk 
 
Industrial Engineering-Operation Management graduate student at Nottingham University 
  
 
Appendix 5: Correspondence sample 
 
From: Donna Loughnane [mailto:donna.l@bnl-bearings.com] 
Sent: Wed 08/09/2010 10:17 
To: Lixar14 
Subject: RE: Request your collaboration on ''design performance'' survey 
Hi Anita, 
  
I am afraid that the FAME database is mistaken, we do not have a branch in either London or Nottingham! Our 
HQ is Knaresborough, North Yorkshire where we have engineering, sales and manufacturing, plus another 
manufacturing site in Thailand. Other than that we have sales/engineering offices in Japan, USA, China and 
India.  
  
Sorry, 
  
Donna 
 
 
From: Dominique.Naggiar-Ext@richemont.com on behalf of contact.uk@cartier.com 
Sent: Thu 02/09/2010 17:11 
To: lixar14@nottingham.ac.uk 
Subject: Re: Survey on design performance 
 
 
Dear Ms Rabieyan,  
 
Thank you for the interest that you have expressed in Cartier.  
 
In response to your enquiry, we regret to inform you that unfortunately we will not be able to 
participate in your survey.  
 
We trust that this information meets your needs and remain at your disposal for any further assistance 
on 020 3147 4850, via email or at www.cartier.com.  
 
Yours sincerely,  
 
Dominique Naggiar  
Cartier Client Services  
020 3147 4850  
 
From: Ray Bentley [mailto:rjb@hy-ten.co.uk] 
Sent: Tue 10/08/2010 09:25 
To: lixar14@nottingham.ac.uk 
Subject: Survey on design performance 
Hi Anita, 
  
 
  
    In response to your request for the completion of your e-mailed survey on Design Performance I must advise 
that the criteria of yourv survey are not really applicable to our industry or more specifically our company. We 
do not tend to design new products for our market and therefore do not have the R&D facilities to enable us to 
do so. The methods used within our industry are very much the same as they were years ago, the only changes 
tend to be around the quality of the products supplied and the technology used in the equipment used to process 
the materials. 
    In the past we have tended to pick up on any advantageous methods used in overseas markets, but not yet 
used within the UK construction industry, and we then try to introduce them here in the UK. 
    One of the more recent areas of developement have been software programs to assist in production flow and 
product identification, this is undertaken by others but developed and assesed in conjunction with ourselves and 
others in the industry. 
 Should yo need to contact me further please do so on the following address :-    rjb@hy-ten.co.uk . 
  
Regards :- Ray Bentley 
   ( Director )
 
 From: Birnie, Jim [CHX/CRO] [mailto:Jim.Birnie@chromalox.com] 
Sent: Mon 02/08/2010 10:20 
To: Rabieyan Anita 
Subject: RE: Survey on Design Performance 
Anita, 
  
Further to our telecon DQGWKHEHORZHPDLO,¶PDIUDLGWKDWZHZLOOQRWEHWDNLQJSDUWLQ\RXUVXUYH\ 
The information requested is confidential and if given could be of use by any of competitors. 
Even if covered by a confidentiality agreement legally binding on both parties it would not be our practice to 
release all of the requested information. 
  
Best Regards, 
  
Jim Birnie 
Technical Director 
Eltron Chromalox 
  
Chromalox® 
PRECISION HEAT AND CONTROL  
  
Chromalox UK Ltd.                                             
Unit 1,22 Lombard House, 
2 Purley Way,                    
Croydon CRO 3JP                             
England                                                 
  
Phone:+44 (0)20 86 65 89 00          
Fax:    +44 (0)20 86 89 05 71          
  
jim.birnie@chromalox.com 
 Visit us on the World Wide Web at www.chromalox.co.uk  
  
 
Appendix 6: Questionnaire 
Survey on Design Performance 
 
This questionnaire includes questions on your company and its use of design. The study aims to 
examine the impact of design on the performance of manufacturing companies. 
When answering the questions, please consider design in the context of the development of the 
FRPSDQ\¶VPDLQSURGXFW7KDWLVDOORIWKHFUHDWLYHDFWLYLWLHVLQYROYHGLQPDNLQJSURGXFWVRU
developing new products, from idea generation through to production. These activities may be 
conducted in-house or maybe outsourced and may be the responsibility of designers or others.    
 
Section 1 ± Company profile 
1. What is your job title in the company?      ______ 
2. What is the name of the company?                    ______ 
3. What year was the company established?                   ______  
&DQ\RXEULHIO\GHVFULEHWKHFRPSDQ\¶VPDLQSURGXFWV"     
 ________________________________________________________________________ 
5. Does the company mostly:    
   Design products to be produced by others 
   Produce products designed by others 
   Produce components designed by and assembled by others 
   Design components to be produced and assembled by others 
   Design and produce components to be assembled by others 
                           
(Please type "Y" and "N", where applicable) 
6. How many people does the company employ?    _____________________________________ 
7. How many new products does the company introduce each year?_______________________ 
8. How often does the company introduce new products? _______________________________ 
:KDWSHUFHQWDJHRIWKHFRPSDQ\¶VVDOHVare to export markets? 
(Please type "Y" and "N", where applicable) 
Non 1-20% 21-40% 41-60% 61-80% 81-100% 
           
  
 
 
Section 2 ± Design  
10. Is there a senior person responsible for design in the company (e.g. Design Director or Head of 
Design)? If so, what is their title?  ___________________ __________________________ 
11. Is there a design department in the company?       
            
12. How many designers are there in the company, i.e. employees whose main role or job title 
involves designing?        _____________ 
13. Can you estimate how many other employees work on design activities as part of their roles 
(Full-time equivalent)?          _______ 
14. How many employees who are involved in design activities have a qualification in design? 
          __________________________ 
15. How many employees who are involved in design activities have a qualification in engineering 
or other technical disciplines?         _____________ 
16. Please indicate which departments or functions are responsible for (or contribute to) the 
IROORZLQJDFWLYLWLHVZKHQGHYHORSLQJWKHFRPSDQ\¶VSURGXFWVHJPDUNHWLQJHQJLQHHULQJGHVLJQ
etc) 
Activities Responsible for activity Contributes to activity 
Market analysis             
Specification             
Conceptual design             
Detail design             
Prototype-Testing             
Pre-production 
            
 
+RZDUHWKHFRPSDQ\¶VGHVLJQVYLVXDOLVHG 
   Sketch 
   2D CAD  
   3D CAD 
   Virtual prototype 
   Physical prototype (please specify)       
   Other (please specify)        
 
(Please type "Y" and "N", where applicable) 
  
 
+RZZRXOG\RXUDWHWKHGHJUHHRIFROODERUDWLRQEHWZHHQWKHFRPSDQ\¶VGHVLJQDQGSURGXFWLRQ
personnel? (Please type "Y", where applicable) 
Very poor    Very good 
          
  1   2   3   4   5 
 
'RWKHFRPSDQ\¶VGHVLJQHUVVHHRULQVSHFWWKHSURGXFWVWKH\KDYHGHVLJQHGGXULQJ production? 
Please state why or why not?          
 ____________________________________________________________ 
&DQ\RXHVWLPDWHWKHSURSRUWLRQRIWKHFRPSDQ\¶VGHVLJQDFWLYLWLHVZKLFKDUH 
In-house ______________________________________  
Outsourced ____________________________________ 
21. Does the company measure its total spending on design? If so, can you describe how? 
_______________________________________________________________________________
__________________________________________________________________________ 
22. Do you think the company spends the right amount of effort on design activities and why do you 
think so, i.e. price and non-price factors?        
             
Section 3 ± R&D  
23. Is there a research and development (R&D) department in the company?  
            
24. How many employees in the company are mainly involved in R&D activities? Please state full 
time equivalence if relevant       ____________
 ____________ 
25. Does the company measure its total spending on R&D? If so, what was the figure for the last 
financial year?            
           
26. Do you think the company spends the right amount of effort on R&D and why do you think so, i.e. 
price and non-price factors?         
              
27. Can you estimate WKHSURSRUWLRQRIWKHFRPSDQ\¶V5	'DFWLYLWLHVZKLFKDUH 
In-house ___________________________________________ 
Outsourced _________________________________________  
  
  
 
Section 4 ± Product performance 
+RZORQJGRHVSURGXFWLRQRIWKHFRPSDQ\¶Vproducts take, on average? (Excluding 
transportation time) __________________________________________________________ 
'RWKHFRPSDQ\¶VSURGXFWVUHPDLQFRPSHWLWLYHLQWKHPDUNHWDJDLQVWWKHVDPHW\SHSURGXFWVRI
rivals? If yes, please rate the degree of their competitiveness. (Please type "Y", where applicable) 
Much less  Much longer  
          
  1   2   3   4   5 
&DQ\RXHVWLPDWHZKDWSHUFHQWDJHRIWKHFRPSDQ\¶VSURGXFWGHYHORSPHQWSURMHFWVDUe  
completed:  In budget _________________________________________________  
Over budget _______________________________________________ 
Under budget ______________________________________________  
&DQ\RXHVWLPDWHZKDWSHUFHQWDJHRIWKHFRPSDQ\¶V product development projects are 
completed:  On time         _____  
Late        _____ 
Early        _____  
:KDWSHUFHQWDJHRIWKHFRPSDQ\¶VRUGHUVDUHGHOLYHUHGRQ-time?   _____________ 
33. What do you think are the main causes of delays in production (e.g. suppliers, equipment, design 
issues etc)             
34. Please rank the following according to their degree of importance for the company? (1=Very 
important, 5=Not important) (e.g.: Product design =3; R&D=4; Innovation= 1; Quality=2; Product 
volume= 5) 
 
Product design 
  
 
 
R&D 
  
 
Innovation 
  
 
Quality 
  
 
Product volume 
  
 
Thank you for your patience. Please send the questionnaire to this email address: 
Lixar14@nottingham.ac.uk. If you wish to receive a copy of the findings from this study, please 
provide an email address  _______________________________________________________ 
 
 
 
 
 
  
 
Appendix 7: Design activities 
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